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1	Introduction
RAN4#101-bis-e agreed on RedCap demodulation and CQI reporting requirements [1]. This contribution discusses the open issues on PDCCH and PBCH decoding requirements for RedCap.
2	PDCCH demodulation
RAN4 agreed to define PDCCH demodulation requirements for both RedCap 1Rx UE and 2Rx UE with the same configuration. As it was discussed in the last RAN4 meeting, we prefer to verify PDCCH at least with AL4 and AL8 for 1Rx/2Rx considering the test coverage of RedCap UE. We also prefer to verify AL16 especially for 1Rx UE because RRM agreed to configure AL16 for RLM out-of-synch PDCCH transmission parameters to compensate the coverage due to single Rx. We think it is worth ensuring the performance of PDCCH with AL16 for RedCap UE. 
As we discussed in our companion paper [2], we also propose to remove 1Rx case from FR2. 
Proposal 1: Define the following PDCCH demodulation requirements for RedCap UE.
FR1 FDD SCS=15kHz
	1Rx UE or 2Rx UE
	CBW (MHz)
	RB size
	duration
	AL
	Propagation condition
	Antenna configuration
	Metric (Pm-dsg)
	Reference from TS38.101-4
	New / Reuse

	1Rx UE
	10
	48
	2
	4
	TDLA30-10
	1x1
	1%
	5.3.2.1.1-1 Test 3
	New

	1Rx UE
	10
	48
	2
	8
	TDLC300-100
	2x1 low
	1%
	5.3.2.1.2-1 Test 2
	New

	1Rx UE
	10
	48
	2
	16
	TDLA30-10
	1x1
	1%
	5.3.2.1.1-1 Test 5
	New

	2Rx UE
	10
	48
	2
	4
	TDLA30-10
	1x2 low
	1%
	5.3.2.1.1-1 Test 3
	Reuse

	2Rx UE
	10
	48
	2
	8
	TDLC300-100
	2x2 low
	1%
	5.3.2.1.2-1 Test 2
	Reuse

	2Rx UE
	10
	48
	2
	16
	TDLA30-10
	1x2 low
	1%
	5.3.2.1.1-1 Test 5
	Reuse



FR1 TDD SCS=30kHz
	1Rx UE or 2Rx UE
	CBW (MHz)
	RB size
	duration
	AL
	Propagation condition
	Antenna configuration
	Metric (Pm-dsg)
	Reference from TS38.101-4
	New / Reuse

	1Rx UE
	20
	48
	2
	4
	TDLC300-100
	1x1
	1%
	5.3.2.2.1-1 Test 2
	New

	1Rx UE
	20
	48
	2
	8
	TDLC300-100
	2x1 low
	1%
	5.3.2.2.2-1 Test 1
	New

	1Rx UE
	20
	48
	2
	16
	TDLC300-100
	1x1
	1%
	5.3.2.2.1-1 Test 3
	New

	2Rx UE
	20
	48
	2
	4
	TDLC300-100
	1x2 low
	1%
	5.3.2.2.1-1 Test 2
	New

	2Rx Ue
	20
	48
	2
	8
	TDLC300-100
	2x2 low
	1%
	5.3.2.2.2-1 Test 1
	New

	2Rx UE
	20
	48
	2
	16
	TDLC300-100
	1x2 low
	1%
	5.3.2.2.1-1 Test 3
	New



FR2 TDD SCS=120kHz
	1Rx UE or 2Rx UE
	CBW (MHz)
	RB size
	duration
	AL
	Propagation condition
	Antenna configuration
	Metric (Pm-dsg)
	Reference from TS38.101-4
	New / Reuse

	1Rx UE
	100
	60
	1
	4
	TDLA30-300
	1x1
	1%
	7.3.2.2.1-1 Test 2
	New

	1Rx UE
	100
	60
	1
	8
	TDLA30-75
	2x1 low
	1%
	7.3.2.2.2-1 Test 1
	New

	1Rx UE
	100
	60
	2
	16
	TDLA30-75
	2x1 low
	1%
	7.3.2.2.2-1 Test 2
	New

	2Rx UE
	100
	60
	1
	4
	TDLA30-300
	1x2 low
	1%
	7.3.2.2.1-1 Test 2
	Reuse

	2Rx UE
	100
	60
	1
	8
	TDLA30-75
	2x2 low
	1%
	7.3.2.2.2-1 Test 1
	Reuse

	2Rx UE
	100
	60
	2
	16
	TDLA30-75
	2x2 low
	1%
	7.3.2.2.2-1 Test 2
	Reuse



3	PBCH demodulation
	· RAN4 define PBCH demodulation requirements by reusing the existing PBCH test setup for 2Rx with SS/PBCH block index is unknown.
· For the case with SS/PBCH block index is known,
· Option 1: RAN4 define the case with SS/PBCH block index is known for 1Rx UE
· Option 2: RAN4 don’t define the case with SS/PBCH block index is known for 1Rx UE



We are fine not to define PBCH demodulation requirements for 1Rx UE when SS/PBCH index is known, to minimize the simulation campaign in RAN4. For 2Rx UE with SCS=30kHz, we think RAN4 can reuse the same SNR test points because SS/PBCH block BW is same regardless of channel bandwidth.  
As we discussed in our companion paper [2], we also propose to remove 1Rx case from FR2. 
Proposal 2: Define the following PBCH demodulation requirements for RedCap UE.

	1Rx UE or 2Rx UE
	BW / SSB SCS
	Propagation condition
	Antenna configuration
	Metric (Pm-bch)
	SS/PBCK block index
	Reference from TS38.101-4
	New / Reuse

	1Rx UE
	10MHz / 15kHz
	TDLC300-100
	1x1
	1%
	Unknown
	5.4.2.1-2 Test 1
	New

	1Rx UE
	20MHz / 30kHz
	TDLA30-10
	1x1
	1%
	Unknown
	5.4.2.2-2 Test 1
	New

	1Rx UE
	100MHz / 120kHz
	TDLA30-300
	1x1
	1%
	Unknown
	7.4.2.2-2 Test 1
	New

	1Rx UE
	100MHz / 240kHz
	TDLA30-75
	1x1
	1%
	Unknown
	7.4.2.2-2 Test 2
	New

	2Rx UE
	10MHz / 15kHz
	TDLC300-100
	1x2 low
	1%
	Unknown
	5.4.2.1-2 Test 1
	Reuse

	2Rx UE
	10MHz / 15kHz
	TDLC300-100
	1x2 low
	1%
	Known
	5.4.2.1-3 Test 1
	Reuse

	2Rx UE
	20MHz / 30kHz
	TDLA30-10
	1x2 low
	1%
	Unknown
	5.4.2.2-2 Test 1
	Reuse (*1)

	2Rx UE
	20MHz / 30kHz
	TDLA30-10
	1x2 low
	1%
	Known
	5.4.2.2-3 Test 1
	Reuse (*1)

	2Rx UE
	100MHz / 120kHz
	TDLA30-300
	1x2 low
	1%
	Unknown
	7.4.2.2-2 Test 1
	Reuse

	2Rx UE
	100MHz / 120kHz
	TDLA30-300
	1x2 low
	1%
	Known
	7.4.2.2-3 Test 1
	Reuse

	2Rx UE
	100MHz / 240kHz
	TDLA30-75
	1x2 low
	1%
	Unknown
	7.4.2.2-2 Test 2
	Reuse

	2Rx UE
	100MHz / 240kHz
	TDLA30-75
	1x2 low
	1%
	Known
	7.4.2.2-3 Test 2
	Reuse

	Note 1: 	RAN4 can keep the same SNR requirements but need to change the channel bandwidth configuration.



Figure 1 shows our simulation results for PBCH demodulation performance with 1Rx. 
[image: ][image: ]
[bookmark: _Ref95665290]Figure 1	Simulation results for PBCH demodulation. 
4	Summary
Proposal 1: Define the following PDCCH demodulation requirements for RedCap UE.
FR1 FDD SCS=15kHz
	1Rx UE or 2Rx UE
	CBW (MHz)
	RB size
	duration
	AL
	Propagation condition
	Antenna configuration
	Metric (Pm-dsg)
	Reference from TS38.101-4
	New / Reuse

	1Rx UE
	10
	48
	2
	4
	TDLA30-10
	1x1
	1%
	5.3.2.1.1-1 Test 3
	New

	1Rx UE
	10
	48
	2
	8
	TDLC300-100
	2x1 low
	1%
	5.3.2.1.2-1 Test 2
	New

	1Rx UE
	10
	48
	2
	16
	TDLA30-10
	1x1
	1%
	5.3.2.1.1-1 Test 5
	New

	2Rx UE
	10
	48
	2
	4
	TDLA30-10
	1x2 low
	1%
	5.3.2.1.1-1 Test 3
	Reuse

	2Rx UE
	10
	48
	2
	8
	TDLC300-100
	2x2 low
	1%
	5.3.2.1.2-1 Test 2
	Reuse

	2Rx UE
	10
	48
	2
	16
	TDLA30-10
	1x2 low
	1%
	5.3.2.1.1-1 Test 5
	Reuse



FR1 TDD SCS=30kHz
	1Rx UE or 2Rx UE
	CBW (MHz)
	RB size
	duration
	AL
	Propagation condition
	Antenna configuration
	Metric (Pm-dsg)
	Reference from TS38.101-4
	New / Reuse

	1Rx UE
	20
	48
	2
	4
	TDLC300-100
	1x1
	1%
	5.3.2.2.1-1 Test 2
	New

	1Rx UE
	20
	48
	2
	8
	TDLC300-100
	2x1 low
	1%
	5.3.2.2.2-1 Test 1
	New

	1Rx UE
	20
	48
	2
	16
	TDLC300-100
	1x1
	1%
	5.3.2.2.1-1 Test 3
	New

	2Rx UE
	20
	48
	2
	4
	TDLC300-100
	1x2 low
	1%
	5.3.2.2.1-1 Test 2
	New

	2Rx Ue
	20
	48
	2
	8
	TDLC300-100
	2x2 low
	1%
	5.3.2.2.2-1 Test 1
	New

	2Rx UE
	20
	48
	2
	16
	TDLC300-100
	1x2 low
	1%
	5.3.2.2.1-1 Test 3
	New



FR2 TDD SCS=120kHz
	1Rx UE or 2Rx UE
	CBW (MHz)
	RB size
	duration
	AL
	Propagation condition
	Antenna configuration
	Metric (Pm-dsg)
	Reference from TS38.101-4
	New / Reuse

	1Rx UE
	100
	60
	1
	4
	TDLA30-300
	1x1
	1%
	7.3.2.2.1-1 Test 2
	New

	1Rx UE
	100
	60
	1
	8
	TDLA30-75
	2x1 low
	1%
	7.3.2.2.2-1 Test 1
	New

	1Rx UE
	100
	60
	2
	16
	TDLA30-75
	2x1 low
	1%
	7.3.2.2.2-1 Test 2
	New

	2Rx UE
	100
	60
	1
	4
	TDLA30-300
	1x2 low
	1%
	7.3.2.2.1-1 Test 2
	Reuse

	2Rx UE
	100
	60
	1
	8
	TDLA30-75
	2x2 low
	1%
	7.3.2.2.2-1 Test 1
	Reuse

	2Rx UE
	100
	60
	2
	16
	TDLA30-75
	2x2 low
	1%
	7.3.2.2.2-1 Test 2
	Reuse



Proposal 2: Define the following PBCH demodulation requirements for RedCap UE.

	1Rx UE or 2Rx UE
	BW / SSB SCS
	Propagation condition
	Antenna configuration
	Metric (Pm-bch)
	SS/PBCK block index
	Reference from TS38.101-4
	New / Reuse

	1Rx UE
	10MHz / 15kHz
	TDLC300-100
	1x1
	1%
	Unknown
	5.4.2.1-2 Test 1
	New

	1Rx UE
	20MHz / 30kHz
	TDLA30-10
	1x1
	1%
	Unknown
	5.4.2.2-2 Test 1
	New

	1Rx UE
	100MHz / 120kHz
	TDLA30-300
	1x1
	1%
	Unknown
	7.4.2.2-2 Test 1
	New

	1Rx UE
	100MHz / 240kHz
	TDLA30-75
	1x1
	1%
	Unknown
	7.4.2.2-2 Test 2
	New

	2Rx UE
	10MHz / 15kHz
	TDLC300-100
	1x2 low
	1%
	Unknown
	5.4.2.1-2 Test 1
	Reuse

	2Rx UE
	10MHz / 15kHz
	TDLC300-100
	1x2 low
	1%
	Known
	5.4.2.1-3 Test 1
	Reuse

	2Rx UE
	20MHz / 30kHz
	TDLA30-10
	1x2 low
	1%
	Unknown
	5.4.2.2-2 Test 1
	Reuse (*1)

	2Rx UE
	20MHz / 30kHz
	TDLA30-10
	1x2 low
	1%
	Known
	5.4.2.2-3 Test 1
	Reuse (*1)

	2Rx UE
	100MHz / 120kHz
	TDLA30-300
	1x2 low
	1%
	Unknown
	7.4.2.2-2 Test 1
	Reuse

	2Rx UE
	100MHz / 120kHz
	TDLA30-300
	1x2 low
	1%
	Known
	7.4.2.2-3 Test 1
	Reuse

	2Rx UE
	100MHz / 240kHz
	TDLA30-75
	1x2 low
	1%
	Unknown
	7.4.2.2-2 Test 2
	Reuse

	2Rx UE
	100MHz / 240kHz
	TDLA30-75
	1x2 low
	1%
	Known
	7.4.2.2-3 Test 2
	Reuse

	Note 1: 	RAN4 can keep the same SNR requirements but need to change the channel bandwidth configuration.
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