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Introduction
The RedCap WID [1] defines among its objectives the specification of support for UEs with reduced maximum UE bandwidth and reduced minimum number of Rx branches, which impacts on the UE performance. Since these assumptions are different from the ones used on the definition of the RRM requirements for NR UEs, RAN4 is currently working on defining requirements for RedCap UEs.
In RAN4 #101e, the simulation assumptions for the hypothetical PDCCH were agreed in [2]. RAN4 is investigating whether the PDCCH transmission parameters for in-sync (IS) and out-of-sync (OOS) evaluations need to be changed for RedCap UEs with 1 RX. 
In RAN4 #101e, the following was agreed in the WF [3]. 
	Enhancements to hypothetical PDCCH parameters for RLM
Companies are encouraged to provide PDCCH simulation results according to R4-2120386.



The following options were discussed during the RAN4 101e meeting, for the enhancements to hypothetical PDCCH parameters for RLM: 
· [bookmark: _Hlk91690097]Power boosting
· Increasing CCE level
· Increase test case SNR
· Evaluate the PDCCH performance whether we need to change the PDCCH transmission parameters or not
Companies were also encouraged to evaluate if there is need to change the simulation assumptions.
In this document we present results for the PDCCH performance based on the simulation assumptions agreed in [2].
Discussion
The simulation results for the PDCCH performance for 2% and 10% BLER are shown in …, considering RedCap UEs with 1 and 2 RX branches.
Table 1-PDCCH performance for RedCap UEs with 1 and 2 RX branches
	
	
	 SINR for BLER = 2% [dB]
	SINR for BLER = 10% [dB]

	
	
	2 RX
	1 RX
	2 RX
	1 RX

	Channel
	SCS [kHz]
	CCE 4
	CCE 4
	CCE 8
	CCE 8
	CCE 8
	CCE 16

	AWGN
	120
	-6.05
	-3.69
	-6.94
	-10.30
	-7.76
	-10.02

	TDLA
	120
	-1.67
	3.15
	-1.17
	-6.35
	-2.94
	-5.95

	AWGN
	15
	-6.03
	-3.59
	-6.97
	-10.25
	-7.76
	-10.01

	TDLA
	15
	0.10
	3.09
	0.78
	-5.11
	-3.68
	-8.70

	TDLB
	15
	-2.96
	0.33
	-3.21
	-7.48
	-4.89
	-7.94

	TDLC
	15
	-5.03
	-1.78
	-5.38
	-9.08
	-6.88
	-8.78

	AWGN
	30
	-6.12
	-3.64
	-7.02
	-10.29
	-7.81
	-9.97

	TDLA
	30
	-1.65
	-0.53
	-4.01
	-6.53
	-5.46
	-7.97

	TDLB
	30
	-2.77
	-0.65
	-3.5
	-8.22
	-5.74
	-8.37

	TDLC
	30
	-1.98
	0.07
	-3.39
	-7.12
	-5.36
	-7.88



In the table above, the baseline results for the Hypothetical PDCCH parameter considered for the Rel-15 requirements (for UEs with 2 RX branches) are highlighted in green. 
When comparing the hypothetical PDCCH performance with 2RX and 1 RX, there is a degradation on the SINR required for 2% BLER of up to 4.82 dB in FR2 (TDLA, 120 kHz SCS) and up to 3.29 (TDLB, 15kHz SCS), if an aggregation level of 4 CCE is considered.
In most of the cases, the SINR required for 2% BLER target with RedCap UE with 1 RX and CCE 8 aggregation level is lower than the one required by the baseline result. 
Increasing the CCE aggregation level from 4 to 8 for UEs with 1 RX reduces the degradation to at most 0.5 dB in FR2 and 0.68 dB in FR1. In most of the cases, the SINR required for reaching the 2% BLER for RedCap UEs with 1 RX and CCE 8 causes no degradation to the baseline performance. 
For RedCap UEs with 1 RX, the PDCCH transmission parameters for in-sync evaluation shall consider aggregation level equal to 8 CCE. 
When comparing the hypothetical PDCCH performance with 2RX and 1 RX and CCE 8 aggregation level, there is a degradation on the SINR required for 10% BLER of up to 3.4 dB in FR2 (TDLA, 120 kHz SCS), and up to 2.59 dB in FR1 (TDLB, 15 kHz SCS)
Increasing the CCE aggregation level from 8 to 16 for UEs with 1 RX reduces the degradation of the SINR required for the 10% BLER to at most 0.4 dB (TDLA, 120 kHz SCS) when compared to the baseline case in FR2. In FR1, the majority of the simulations also show a performance improvement, which is up to 3.59 dB (TDLA, 15 kHz).
For RedCap UEs with 1 RX, the PDCCH transmission parameters for out-of-sync evaluation shall consider aggregation level equal to 16 CCE. 
According to our simulation results, and considering the simulation assumptions agreed in R4-2120386, no other enhancements to the Hypothetical PDCCH parameters are needed to compensate for reducing the number of RX branches.
Conclusion
In this document, Nokia’s views on the parameters of the hypothetical PDCCH for RedCap UEs with 1 RX are discussed. The following observations and proposals are made, based on the simulation results:
1. When comparing the hypothetical PDCCH performance with 2RX and 1 RX, there is a degradation on the SINR required for 2% BLER of up to 4.82 dB in FR2 (TDLA, 120 kHz SCS) and up to 3.29 (TDLB, 15kHz SCS), if an aggregation level of 4 CCE is considered.
Increasing the CCE aggregation level from 4 to 8 for UEs with 1 RX reduces the degradation to at most 0.5 dB in FR2 and 0.68 dB in FR1. In most of the cases, the SINR required for reaching the 2% BLER for RedCap UEs with 1 RX and CCE 8 causes no degradation to the baseline performance. 
1. For RedCap UEs with 1 RX, the PDCCH transmission parameters for in-sync evaluation shall consider aggregation level equal to 8 CCE. 
When comparing the hypothetical PDCCH performance with 2RX and 1 RX and CCE 8 aggregation level, there is a degradation on the SINR required for 10% BLER of up to 3.4 dB in FR2 (TDLA, 120 kHz SCS), and up to 2.59 dB in FR1 (TDLB, 15 kHz SCS)
Increasing the CCE aggregation level from 8 to 16 for UEs with 1 RX reduces the degradation of the SINR required for the 10% BLER to at most 0.4 dB (TDLA, 120 kHz SCS) when compared to the baseline case in FR2. In FR1, the majority of the simulations also show a performance improvement, which is up to 3.59 dB (TDLA, 15 kHz).
For RedCap UEs with 1 RX, the PDCCH transmission parameters for out-of-sync evaluation shall consider aggregation level equal to 16 CCE. 
According to our simulation results and considering the simulation assumptions agreed in R4-2120386, no other enhancements to the Hypothetical PDCCH parameters are needed to compensate for reducing the number of RX branches.
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Appendix A
Table A1: Simulation assumptions for PDCCH performance for RLM
	Parameter
	Value 
	 

	Carrier frequency
	FR1, 4 GHz
	FR2, 30 GHz

	DCI format / payload size
	Format 1-0
Number of bits: 56 (24 PRBs), 58 (48 PRBs)
 
	Format 1-0
Number of bits: 56 (24 PRBs), 58 (48 PRBs)
 

	Number of control OFDM symbols
	SSB based RLM
Option 1: CCE = 16
{2 symbols, 15 kHz, 48 PRB}
{2 symbols, 30 kHz, 48 PRB}
Option 2: CCE = 4,8
{2 symbols, 15 kHz, 24 PRB} 
{2 symbols, 30 kHz, 24 PRB} 
 
CSI-RS based RLM
{2 symbols, 15 kHz, 48 PRB}
{2 symbols, 30 kHz, 48 PRB}
 
 
 
	SSB based RLM
Option 1: CCE =16
{2 symbols, 60 kHz, 48 PRB}
{2 symbols, 120 kHz, 48 PRB}
Option 2: CCE =4,8
{2 symbols, 60 kHz, 24 PRB}
{2 symbols, 120 kHz, 24 PRB}
 
CSI-RS based RLM
{2 symbols, 60 kHz, 48 PRB}
{2 symbols, 120 kHz, 48 PRB}
 

	Bandwidth (MHz)
	 
	 

	Sub-carrier spacing (kHz)
	 
	 

	Aggregation level (CCE)
	OOS:8 and 16
IS: 4 and 8
 
	OOS:8 and 16
IS: 4 and 8
 

	Ratio of hypothetical PDCCH RE energy to average RLM-RS RE energy
	OOS:4 dB 
IS: 0 dB and 3dB
	OOS:4 dB
IS: 0 dB and 3dB

	Ratio of hypothetical PDCCH DMRS energy to average RLM-RS RE energy
	OOS: 4dB 
IS: 0 dB and 3dB
	OOS: 4dB
IS: 0 dB and 3dB

	Precoder granularity in frequency domain
	REG bundle size
	REG bundle size

	REG bundle size
	6
	6

	CP length
	Normal
	Normal

	Mapping from REG to CCE
	Distributed
	Distributed

	SNR
	[-14, -13,  ., 1, 0]
	[-14, -13,  ., 1, 0]

	Propagation condition
	AWGN
TDL-A 30ns
TDL-B 100ns
TDL-C 300ns
	AWGN
TDL-A 30ns

	Antenna configuration
	2x2
2x1
 
	2x2
2x1
 

	UE speed
	30km/h
	3km/h

	Note: Companies are encouraged to clarify whether the 2Tx simulation results are based Tx diversity or not.
	 
	



The simulation results shown in this contribution are based on Precoder Cycling.

