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1. Introduction
At RAN 92 meeting the revised WI “Support of reduced capability NR devices” [1] was approved. The RAN4 related objectives are copied 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.
· 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.)
· Specify support for the following Extended DRX enhancements for RedCap UEs [RAN2, RAN3, RAN4]:

· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10.24 s, without using PTW and PH, and with common design (e.g. common set of eDRX values) between RRC Inactive and Idle

· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10485.76 s; the details of mechanisms and feasibility regarding maximum length of the extended DRX cycles for RRC Inactive and Idle need to be checked by SA2, CT1 and/or RAN4.

· RAN2 to decide which Node(s) configure eDRX in RRC_Idle and RRC_Inactive.
· Specify support for the following RRM measurement relaxations for neighbouring cells for RedCap devices: for RRC_Idle/Inactive/Connected [RAN2, RAN4]:

· Specify measurement (RSRP/RSRQ) based stationarity criterion and not-at-cell-edge criterion [RAN2]

· Enabling/disabling of RRM measurement relaxation should be under the network’s control. Specify both broadcast and dedicated signalling for enabling/disabling of RRM measurement relaxation.

· Specify UE requirements for RRM measurement relaxation [RAN4]

· No RRM measurement relaxations are specified for the serving cell. 

· Specify RAN4 core requirements for the above. 

The impact of various complexity reduction techniques on the RRM requirements was discussed at RAN4 100e meeting and some agreements were achieved. In this contribution we provide our further considerations on the impact for signalling characteristics of Redcap.

2. Discussion
2.1 Impact on radio link monitor requirements

Regarding impact on RLM requirements, the following agreements were achieved at [2]:
Impact on RLM-RS resources

The number of RLM-RS is determined by RAN1 in TS38.213. RAN4 shall follow the RAN1 conclusion on the number of RLM -RS.

Impact on BW used in RLM

Impact on bandwidth of CSI-RS for RLM with 60 kHz SCS in FR1 is identified. How to address that impact is FFS. Following options are discussed:

· Option 1: Set BW of CSI-RS to 24 PRBs for 60 kHz SCS in FR1

· Option 2: Exclude 60 kHz SCS in FR1

· Option 3: other options are not precluded.

Impact on parameters for IN/OOS

Impact on parameters for IN/OOS due to BW reduction and 1 Rx is expected. 

Impact on in-sync/out-of-sync thresholds

SNR thresholds for OOS/IS impacted due to 1 rx. The detailed SINR threshold to be discussed under performance part.
As described in the email summary [3], one issue of CSI-RS related measurements has been identified. Basically for CSI-RS based RLM, BFD and L1-RSRP measurement, 48 PRBs has been used which cannot be allocated within a 20MHz bandwidth of FR1 Redcap UE when the SCS is 60KHz. Same issue applies for CSI-RS based L1-SINR measurement and L3 measurement introduced in Rel-16 due to the same reason. 
Among these 3 options, in general either option 1 and option 2 will solve the issue. Another alternative is to set BW of related CSI-RS measurement to 24 PRBs for all SCS however we do not think this alternative will bring any benefit compared with option 1 and 2. Between option 1 and 2, we slightly prefer option 2 since 60KHz SCS is not a typical deployment scenario and have the following proposal:

Proposal 1: Regarding CSI-RS based RLM, BFD and L1-RSRP measurement for FR1 Redcap UE, suggest to exclude 60 kHz SCS, i.e. option 2. For CSI-RS based L1-SINR measurement and L3 measurement introduced in Rel-16, option 2 can be applied if they are considered within Rel-17 time frame.
Regarding parameters for IN/OOS and corresponding thresholds, the impact due to 1Rx should be investigated. From the analysis based on simulation results at [5], under the conditions that the coverage of 1RX Redcap UE is the same as that of the legacy UE, the following options can be considered when the legacy thresholds IN/OOS are used:

1. consider power boosting for PDCCH, 

2. increase PDCCH aggregation level 

The former two options were discussed during online meeting however there is no consensus. Alternatively different thresholds could be considered for IN/OOS however we do not see this will provide any benefit even with the cost of noticeable increase on the complexity of the specification work.  
The simulation assumptions for Redcap RLM and BFD was agreed in [6]. Based on [6] we provide our simulation results and corresponding observations and proposals below.
2.1.1 SS block based on RLM and BFD
Table 1-2 show the SINR measurement accuracy based on SSB in the different channel models (e.g., AWGN and fading channel) and samples (e.g., 5, 10, 20) for FR1 and FR2 respectively. The results show 5%, 50% and 95% CDF of delta SS-SINR.
Table 1：Delta SS-SINR on FR1
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Table 2：Delta SS-SINR on FR2
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From the simulation results, it can be seen there is almost no difference between 15kHz and 120kHz. The SS-SINR measurement accuracy is not very sensitive to SCS. In addition, the measurement accuracy span of fading channel model is more than that of AWGN channel model. Therefore, we suggest the measurement period would need to be considered based on fading channel model.
As for the impact of sample number, the measurement accuracy of SS-SINR for lower SINR level (e.g., -14dB to -10dB) can be improved by 2.5dB ~3dB if increasing sample number from 5 to 20. However, for higher SINR level, there is no obvious improvement in the measurement accuracy as the sample number increases. This is mainly due to that the target SINR is high enough and a small number of samples (e.g., 5) can guarantee a low span of measurement accuracy.

In order to analyse the measurement period for RLM and BFD, we got Table 3 which shows the measurement accuracy span in the different sample numbers for some specific SINR values. The specific detail is as follows:

RLM Qin SINR is corresponded to the 2% BLER of PDCCH channel according to the legacy power boosting and aggregation level from in-sync evaluation of RLM.

RLM Qout SINR is corresponded to the 10% BLER of PDCCH channel according to the legacy power boosting and aggregation level from out-of-sync evaluation of RLM.

BFD SINR is corresponded to the 10% BLER of PDCCH channel according to the legacy power boosting and aggregation level from BFD.
Table 3: SS-SINR measurement accuracy for different sample numbers and channel model in 15kHz
	Channel
	Sample number
	Distribution of SINR [dB]

	
	
	RLM Qout SINR
	BFD SINR
	RLM Qin SINR

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

	AWGN
	5
	-3.28
	0.18
	2.25
	-1.66
	0.12
	1.47
	-0.97
	0.08
	1.02

	
	10
	-1.74
	0.14
	1.65
	-0.99
	0.08
	1.06
	-0.61
	0.07
	0.72

	
	20
	-1.09
	0.18
	1.30
	-0.61
	0.11
	0.81
	-0.40
	0.07
	0.56

	TDL-A
	5
	-4.04
	0.18
	2.67
	-2.05
	0.13
	1.74
	-1.15
	0.09
	1.19

	
	10
	-2.05
	0.23
	1.74
	-1.17
	0.13
	1.14
	-0.70
	0.09
	0.79

	
	20
	-1.21
	0.22
	1.34
	-0.68
	0.14
	0.89
	-0.43
	0.08
	0.60

	TDL-B
	5
	-4.26
	0.17
	2.55
	-1.99
	0.11
	1.68
	-1.17
	0.08
	1.15

	
	10
	-2.35
	0.24
	1.80
	-1.26
	0.14
	1.15
	-0.73
	0.08
	0.81

	
	20
	-1.24
	0.23
	1.38
	-0.71
	0.13
	0.91
	-0.44
	0.08
	0.64

	TDL-C
	5
	-4.04
	0.12
	2.47
	-1.91
	0.08
	1.60
	-1.15
	0.06
	1.09

	
	10
	-2.20
	0.16
	1.85
	-1.14
	0.09
	1.19
	-0.74
	0.07
	0.78

	
	20
	-1.31
	0.17
	1.36
	-0.74
	0.14
	0.87
	-0.48
	0.09
	0.58


In the above table, the highlighted part is more than ±2dB. From the simulation results, it can be seen SINR measurement accuracy can be guaranteed within 2dB for RLM Qout if the sample number is 20. Compared with the legacy sample number, namely 10, the measurement period for RLM Qout would need to double. 

Observation 1: The measurement accuracy of SSB based SINR can be guaranteed within ±2dB for RLM Qout if the sample number is 20 for a single antenna.

Proposal 2: The measurement period of SSB based SINR would need to double in order to guarantee accuracy for RLM Qout in RedCap.
However, the SINR measurement accuracy almost can be guaranteed within 2dB for BFD and RLM Qin if the sample number is 5 which is same as the legacy sample number. This is due to that the target SINR is high enough and only a small number of samples are needed to meet measurement accuracy, even in the case of a single antenna.

Observation 2: The measurement accuracy of SSB based SINR almost can be guaranteed within ±2dB for BFD and RLM Qin if the sample number is 5 for a single antenna.
Proposal 3: The measurement period of SSB based SINR for legacy UE can be reused for BFD and RLM Qin in RedCap.
2.1.2 CSI-RS based on RLM and BFD
Table 4-5 show the SINR measurement accuracy based on CSI-RS in the different channel models (e.g., AWGN and fading channel) and samples (e.g., 5, 10, 20) for FR1 and FR2 respectively. The results show 5%, 50% and 95% CDF of delta CSI-SINR.
Table 4 Delta CSI-SINR on FR1
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Table 5：Delta CSI-SINR on FR2
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Table 6 shows the measurement accuracy span in the different sample numbers for some specific SINR values. The specific detail is as follows:

RLM Qin SINR is corresponded to the 2% BLER of PDCCH channel according to the legacy power boosting and aggregation level from in-sync evaluation of RLM.

RLM Qout SINR is corresponded to the 10% BLER of PDCCH channel according to the legacy power boosting and aggregation level from out-of-sync evaluation of RLM.

BFD SINR is corresponded to the 10% BLER of PDCCH channel according to the legacy power boosting and aggregation level from BFD.
Table 6: CSI-SINR measurement accuracy for different sample numbers and channel model in 15kHz
	Channel
	Sample number
	Distribution of SINR [dB]

	
	
	RLM Qout SINR
	BFD SINR
	RLM Qin SINR

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

	AWGN
	5
	-5.36 
	0.31 
	2.78 
	-2.41 
	0.19 
	1.89 
	-1.39 
	0.13 
	1.33 

	
	10
	-3.08 
	0.40 
	2.23 
	-1.59 
	0.24 
	1.46 
	-0.91 
	0.14 
	1.00 

	
	20
	-1.58 
	0.39 
	1.76 
	-0.88 
	0.22 
	1.14 
	-0.56 
	0.14 
	0.79 

	TDL-A
	5
	-5.81 
	0.27 
	3.27 
	-2.92 
	0.13 
	2.17 
	-1.63 
	0.09 
	1.51 

	
	10
	-3.35 
	0.36 
	2.42 
	-1.67 
	0.24 
	1.61 
	-0.98 
	0.17 
	1.10 

	
	20
	-1.82 
	0.35 
	1.75 
	-1.00 
	0.22 
	1.12 
	-0.61 
	0.15 
	0.81 

	TDL-B
	5
	-5.79 
	0.32 
	3.06 
	-2.82 
	0.20 
	2.08 
	-1.53 
	0.13 
	1.50 

	
	10
	-3.21 
	0.34 
	2.45 
	-1.61 
	0.23 
	1.67 
	-0.95 
	0.15 
	1.16 

	
	20
	-1.90 
	0.31 
	1.85 
	-0.98 
	0.22 
	1.19 
	-0.58 
	0.14 
	0.85 

	TDL-C
	5
	-5.89 
	0.31 
	3.01 
	-2.65 
	0.18 
	2.05 
	-1.51 
	0.14 
	1.40 

	
	10
	-2.96 
	0.32 
	2.23 
	-1.53 
	0.17 
	1.47 
	-0.89 
	0.12 
	1.01 

	
	20
	-1.61 
	0.32 
	1.78 
	-0.87 
	0.18 
	1.11 
	-0.53 
	0.13 
	0.73 


In the above table, the highlighted part is more than 2dB. From the simulation results, it can be seen CSI-SINR measurement accuracy can be guaranteed within 2dB for RLM Qout, BFD and RLM Qin if reusing the legacy sample number. 

Observation 3: The measurement accuracy of CSI-RS based SINR can be guaranteed within ±2dB for RLM Qout (20 samples), the BFD and RLM Qin if reusing the legacy sample number (10 samples). 
Proposal 4: The measurement period of CSI-RS based SINR for legacy UE can be reused for RLM Qout, BFD and RLM Qin in RedCap. 
2.2 Impact on interruption requirements 
The impact of various complexity reduction techniques on the interruption requirements were discussed during RAN4 100e however there was not any agreements. 
For the interruption requirements, the interruption requirements defined in 8.2 of [4] apply for scenarios when particular UE behaviour of one carrier causes interruptions on the other carrier. Since in [1] it mentions that it should prevent RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths, hence the following interruption requirements defined in this section is not applicable for Redcap, in detail, these requirements (including requirements introduced by Rel-16) are:

Interruptions at SCell addition/release
Interruptions at SCell activation/deactivation
Interruptions during measurements on deactivated SCC
Interruptions at SCell activation/deactivation with multiple downlink SCells
Interruptions at direct SCell activation
Interruptions due to SCell dormancy
For the interruption caused by active BWP switching, we suggest to reuse the Rel-15 interruption requirements as the baseline. 

For other requirements introduced by Rel-16, their applicability could be determined through a case by case discussion 

Proposal 5: The following interruption requirements defined at 8.2 of TS38.133 are not applicable (no impact) for Redcap UE:

Interruptions at SCell addition/release

Interruptions at SCell activation/deactivation

Interruptions during measurements on deactivated SCC

Interruptions at SCell activation/deactivation with multiple downlink SCells

Interruptions at direct SCell activation

Interruptions due to SCell dormancy
For the interruption caused by active BWP switching, reuse the Rel-15 interruption requirements as the baseline. 

2.3 Impact on active BWP switch delay

BWP switch delay has also been discussed at RAN4 100 e meeting. During Rel-15 BWP switch study, the BWP switch delay consists of command parsing delay and RF retune delay, which are not impacted by any complexity reduction techniques for Redcap UE. In addition we do not think Redcap UE will have shorter processing or RF retune time compared with legacy UE. Therefore we suggest Rel-15 BWP switch delay requirements are reused for Rel-17 Redcap UE. 
It is noted that fasting BWP switch delay has been discussed at RAN4 100e meeting. To our understanding, whether this issue should be studied or not is determined by whether the corresponding feature is introduced by RAN1 or not. The discussion could be delayed until RAN1 has clear conclusions. 
Proposal 6: Rel-15 BWP switch delay requirements are reused for Rel-17 Redcap UE. For other optimization on BWP switch delay such as fast BWP switching, the discussion could be delayed until RAN1 has clear conclusions.
2.4 Impact on Active TCI state switch delay

For the active TCI state switch delay, requirements for the MAC CE based, DCI based and RRC based TCI state switch are defined. 
For the MAC-CE based TCI switch delay requirement, n+ THARQ + [image: image26.png]subframe,
3N_,



+ TOk*(Tfirst-SSB + TSSB-proc) / NR slot length or n+ THARQ +[image: image28.png]subframe,
3N_,



 + TL1-RSRP +TOuk*(Tfirst-SSB+ TSSB-proc) / NR slot length for the scenario when the TCI state is known or unknown, respectively. We did not see any impact on these parameters due to the introduction of Redcap except for the parameter T L1-RSRP for FR2. Hence the MAC-CE requirements in Rel-15 could be reused for Redcap UE when the TCI state is known. When the TCI state in unknown, for FR1 case, the corresponding requirement in Rel-15 can be reused. 
For the DCI based TCI switch requirement, the requirement is defined as “n+timeDurationForQCL, where, timeDurationForQCL is the time required by the UE to perform PDCCH reception and applying spatial QCL information received in DCI for PDSCH processing as described in TS 38.214, the value of timeDurationForQCL is defined in TS 38.331”. The related parameters are depending on UE processing capability and it is not expected for Redcap UE to have more powerful processing capabilities compared with a legacy UE. Hence the DCI based TCI switch requirements in Rel-15 can be reused for Redcap UE. 
For the RRC based TCI state switch delay, the requirements for known state and unknown state are: n+ (TRRC_processing +TOk*(Tfirst-SSB + TSSB-proc)) / NR slot length and n+ (TRRC_processing  +TL1-RSRP +TOuk*(Tfirst-SSB + TSSB-proc)) / NR slot length. Similarly to MAC-CE based case, except for TL1-RSRP, all other parameters will not be impacted by complexity reduction techniques of Redcap and similar conclusions like MAC-CE based case can be obtained.  
Proposal 7: For Rel-17 TCI state switch delay requirements for Redcap:

the DCI based TCI state switch requirements in Rel-15 can be reused for Rel-17 Redcap UE 
the MAC-CE based TCI state switch requirements in Rel-15 could be reused for Rel-17 Redcap UE when the TCI state is known. When the TCI state in unknown, for FR1 case, the corresponding MAC-CE based Rel-15 requirements can be reused. 

the RRC based TCI state switch requirements in Rel-15 could be reused for Rel-17 Redcap UE when the TCI state is known. When the TCI state in unknown, for FR1 case, the corresponding RRC based Rel-15 requirements can be reused. 

2.5 Impact on other areas

For the Uplink spatial relationship switch delay requirements and UE-specific CBW change requirements, it has already been agreed that for requirements introduced in Rel-16, whether particular requirements should be considered or not depends on case by case study. We suggest to consider Redcap uplink spatial relationship switch delay requirements and UE-specific CBW change requirements only when sufficient progress has been achieved for this WI.
Proposal 8: Consider Redcap uplink spatial relationship switch delay requirements and UE-specific CBW change requirements only when sufficient progress has been achieved for this WI.
3. Conclusion
In this contribution, we provide our considerations on signalling characteristics for Redcap and have the following proposal:
Observation 1: The measurement accuracy of SSB based SINR can be guaranteed within ±2dB for RLM Qout if the sample number is 20 for a single antenna.

Observation 2: The measurement accuracy of SSB based SINR almost can be guaranteed within ±2dB for BFD and RLM Qin if the sample number is 5 for a single antenna.
Observation 3: The measurement accuracy of CSI-RS based SINR can be guaranteed within ±2dB for RLM Qout (20 samples), the BFD and RLM Qin if reusing the legacy sample number (10 samples). 
Proposal 1: Regarding CSI-RS based RLM, BFD and L1-RSRP measurement for FR1 Redcap UE, suggest to exclude 60 kHz SCS, i.e. option 2. For CSI-RS based L1-SINR measurement and L3 measurement introduced in Rel-16, option 2 can be applied if they are considered within Rel-17 time frame.

Proposal 2: The measurement period of SSB based SINR would need to double in order to guarantee accuracy for RLM Qout in RedCap.
Proposal 3: The measurement period of SSB based SINR for legacy UE can be reused for BFD and RLM Qin in RedCap.
Proposal 4: The measurement period of CSI-RS based SINR for legacy UE can be reused for RLM Qout, BFD and RLM Qin in RedCap. 
Proposal 5: The following interruption requirements defined at 8.2 of TS38.133 are not applicable (no impact) for Redcap UE:

Interruptions at SCell addition/release

Interruptions at SCell activation/deactivation

Interruptions during measurements on deactivated SCC

Interruptions at SCell activation/deactivation with multiple downlink SCells

Interruptions at direct SCell activation

Interruptions due to SCell dormancy
For the interruption caused by active BWP switching, reuse the Rel-15 interruption requirements as the baseline. 

Proposal 6: Rel-15 BWP switch delay requirements are reused for Rel-17 Redcap UE. For other optimization on BWP switch delay such as fast BWP switching, the discussion could be delayed until RAN1 has clear conclusions.

Proposal 7: Rel-15 BWP switch delay requirements are reused for Rel-17 Redcap UE. For other optimization on BWP switch delay such as fast BWP switching, the discussion could be delayed until RAN1 has clear conclusions.

Proposal 8: For Rel-17 TCI state switch delay requirements for Redcap:

the DCI based TCI state switch requirements in Rel-15 can be reused for Rel-17 Redcap UE 

the MAC-CE based TCI state switch requirements in Rel-15 could be reused for Rel-17 Redcap UE when the TCI state is known. When the TCI state in unknown, for FR1 case, the corresponding MAC-CE based Rel-15 requirements can be reused. 

the RRC based TCI state switch requirements in Rel-15 could be reused for Rel-17 Redcap UE when the TCI state is known. When the TCI state in unknown, for FR1 case, the corresponding RRC based Rel-15 requirements can be reused. 

Proposal 9: Consider Redcap uplink spatial relationship switch delay requirements and UE-specific CBW change requirements only when sufficient progress has been achieved for this WI.
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