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Introduction
In the previous RAN4 meeting, WF on RedCap performance requirements was agreed [1].
In this paper, we provide our view on scope of UE demodulation requirements for reduced capability NR devices.
Discussion
General
In the previous RAN4 meeting the following agreement was reached on SCS/CBW combination settings for 1 Rx testing:
	· 1Rx RedCap UE: RAN4 define new UE demodulation and CSI reporting requirements with the following configuration:
· FDD SCS=15kHz in FR1
· Option 1: CBW=10MHz (keep the same assumption as Rel-15 NR UE demodulation)
· Option 2: CBW=20MHz (maximum defined bandwidth for RedCap UE)
· TDD SCS=30kHz in FR1
· CBW=20MHz
· TDD SCS=120kHz in FR2
· CBW=100MHz


Based on this agreement, we can observe that the only open issue is CBW for FR1 FDD scenarios. Taking into account that 20 MHz channel bandwidth will be considered for TDD scenarios, we suggest to consider the 10 MHz CBW for FDD scenarios to verify the 1 Rx RedCap performance not only for maximum CBW configuration. Also, 10 MHz CBW will be used for 2 Rx RedCap UE testing. In Rel-15, same CBW/SCS assumptions were considered for 2 and 4 Rx UEs. Therefore, we think that it will be reasonable to assume same test conditions for verification of performance of different RedCap UEs.
Proposal 1:	Define 1 Rx RedCap FDD requirements for 10 MHz CBW.

PDSCH requirements
Based on the previous meeting agreement, we have the following options for potential scope of PDSCH demodulation requirements
Table 1. Potential scope of 1 Rx PDSCH requirements
	
	Option 1
	Option 2

	FR1 FDD
	#1: QPSK, Rank 1, TDLB100-400
#2: 16QAM, Rank 1, TDLC300-100
#3: 64QAM, Rank 1, TDLA30-10
#4: FFS 256QAM, Rank 1, TDLA30-10
	#1: QPSK, Rank 1, TDLC300-100
#2: 256QAM, Rank 1, TDLA30-10

	FR1 TDD
	#1: QPSK, Rank 1, TDLB100-400
#2: 16QAM, Rank 1, TDLC300-100
#3: 64QAM, Rank 1, TDLA30-10
#4: FFS 256QAM, Rank 1, TDLA30-10
	#1: 64QAM, Rank 1, TDLA30-10
#2: 256QAM, Rank 1, TDLA30-10

	FR2
	#1: QPSK, Rank 1, TDLC60-300
#2: 16QAM, Rank 1, TDLA30-300
#3: 64QAM, Rank 1, TDLA30-75
#4: FFS 256QAM, Rank 1, TDLD30-75
	#1: 64QAM, Rank 1, TDLA30-75



Table 2. Potential scope of 2 Rx PDSCH requirements
	
	Option 1
	Option 2

	FR1 FDD
	#1: QPSK, Rank 1, TDLB100-400
#2: 16QAM, Rank 1, TDLC300-100
#3: 64QAM, Rank 2, TDLA30-10
#4: FFS 256QAM, Rank 1, TDLA30-10
	#1: QPSK, Rank 1, TDLC300-100
#2: 256QAM, Rank 1, TDLA30-10

	FR1 TDD
	#1: QPSK, Rank 1, TDLB100-400
#2: 16QAM, Rank 1, TDLC300-100
#3: 64QAM, Rank 2, TDLA30-10
#4: FFS 256QAM, Rank 1, TDLA30-10
	#1: 64QAM, Rank 1, TDLA30-10
#2: 256QAM, Rank 1, TDLA30-10

	FR2
	#1: QPSK, Rank 1, TDLC60-300
#2: 16QAM, Rank 2, TDLA30-300
#3: 64QAM, Rank 2, TDLA30-75
#4: FFS 256QAM, Rank 1, TDLD30-75
	#1: 64QAM, Rank 1, TDLA30-75



Based on review of existing options, we can observe that Option 1 for all scenarios allows to achieve significant test coverage and verify RedCap performance under different modulation order, channel propagation and rank conditions. Also, we can observe that same test coverage is considered for FR1 FDD and FR1 TDD for Option 1 in comparison to Option 2. Therefore, we propose to consider Option 1 for definition of PDSCH requirements. 
As for 256QAM testing, this feature is optional for RedCap UEs for both FRs. Same time, we think that it will be beneficial to verify it for UEs which support this functionality. However, we suggest to cover 256QAM only for FR1 scenario, because FR2 256QAM requirements were defined with the smallest CBW 50 MHz and with the smallest MCS (i.e. MCS 20) to ensure, that testable SNR can be achieved, and reduction of number of Rx antennas from 2 to 1 will lead to increasing of operating SNR, which potentially will be untestable. We think that it is better to have same test coverage for 1 and 2 Rx RedCap UEs. Therefore, it is better to exclude FR2 256QAM requirements for both UEs.
Proposal 2:	Consider the following scope of PDSCH requirements for 1 Rx RedCap UEs
· FR1: QPSK Rank 1, 16QAM Rank 1, 64QAM Rank 1, 256QAM Rank 1
· FR2: QPSK Rank 1, 16QAM Rank 1, 64QAM Rank 1
Proposal 3:	Consider the following scope of PDSCH requirements for 2 Rx RedCap UEs
· FR1: QPSK Rank 1, 16QAM Rank 1, 64QAM Rank 2, 256QAM Rank 1
· FR2: QPSK Rank 1, 16QAM Rank 2, 64QAM Rank 2

PDCCH requirements
Based on the previous meeting agreement we have the following potential scope of PDSCH requirements
Table 3. Potential scope of PDCCH requirements
	
	Option 1
	Option 2

	FR1 FDD
	AL8 only
	AL4 and AL8. FFS for AL16

	FR1 TDD
	AL4 only
	AL4 and AL8. FFS for AL16

	FR2
	AL16 only
	AL4 and AL8. FFS for AL16


To have sufficient test coverage for verification of PDCCH performance for RedCap UEs, we suggest to consider Option 2. As for exact test configuration we suggest to reuse the simulation assumptions from the following tests:
· FR1 FDD: AL 4 - Table 5.3.2.1.1-1 (Test 3), AL 8 - Table 5.3.2.1.2-1 (Test 3), AL 16 - Table 5.3.2.1.1-1 (Test 5)
· FR1 TDD: AL 4 - Table 5.3.2.2.1-1 (Test 2), AL 8 - Table 5.3.2.2.2-1 (Test 1), AL 16 - Table 5.3.2.2.1-1 (Test 3)
· FR2: AL 4 - Table 7.3.2.2.1-1 (Test 1-2), AL 8 - Table 7.3.2.2.2-1 (Test 2-1), AL 16 - Table 7.3.2.2.2-1 (Test 2-2)
Proposal 4:	Define RedCap PDCCH requirements for ALs 4, 8 and 16 based on simulation assumptions for the following tests:
· FR1 FDD: Table 5.3.2.1.1-1 (Test 3), Table 5.3.2.1.2-1 (Test 3), Table 5.3.2.1.1-1 (Test 5)
· FR1 TDD: Table 5.3.2.2.1-1 (Test 2), Table 5.3.2.2.2-1 (Test 1), Table 5.3.2.2.1-1 (Test 3)
· FR2: Table 7.3.2.2.1-1 (Test 1-2), Table 7.3.2.2.2-1 (Test 2-1), Table 7.3.2.2.2-1 (Test 2-2)

PBCH requirements
In the previous meeting the following agreements were reached for 1 Rx RedCap UE:
	· 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


Based on this agreement the only open question is whether to define the 1 Rx PBCH requirements with SS block index is known for 1Rx UE. Taking into account, that there is no any conformance testing for PBCH and requirements just provide the information on SNR operating point, we think that it should be sufficient to define PBCH requirements for 1 Rx RedCap UE for scenario with SS block index is unknown.
Proposal 5:	Don’t define the 1 Rx PBCH requirements for scenario with SS block index is known.

SDR requirements
Based on the previous meeting discussion it is still open whether to define SDR requirements.
The main purpose of SDR requirements is to verify that the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum data rate indicated by UE capabilities. This is very important test for all UE types. Also, the test design is rather flexible. Therefore, the existing SDR methodology can be reused for RedCap UEs. From workload point of view, we just need to check whether table with capability to MCS mapping should be updated for 1 Rx UE for FR1 and FR2 tests and define MCS to SNR mapping table for 1 Rx UE for FR2 tests.
Proposal 6:	Define SDR requirements for RedCap UEs.

Conclusion
In this paper we provided our views on UE demodulation requirements for reduced capability NR devices and made the following proposals:
Proposal 1:	Define 1 Rx RedCap FDD requirements for 10 MHz CBW.
Proposal 2:	Consider the following scope of PDSCH requirements for 1 Rx RedCap UEs
· FR1: QPSK Rank 1, 16QAM Rank 1, 64QAM Rank 1, 256QAM Rank 1
· FR2: QPSK Rank 1, 16QAM Rank 1, 64QAM Rank 1
Proposal 3:	Consider the following scope of PDSCH requirements for 2 Rx RedCap UEs
· FR1: QPSK Rank 1, 16QAM Rank 1, 64QAM Rank 2, 256QAM Rank 1
· FR2: QPSK Rank 1, 16QAM Rank 2, 64QAM Rank 2
Proposal 4:	Define RedCap PDCCH requirements for ALs 4, 8 and 16 based on simulation assumptions for the following tests:
· FR1 FDD: Table 5.3.2.1.1-1 (Test 3), Table 5.3.2.1.2-1 (Test 3), Table 5.3.2.1.1-1 (Test 5)
· FR1 TDD: Table 5.3.2.2.1-1 (Test 2), Table 5.3.2.2.2-1 (Test 1), Table 5.3.2.2.1-1 (Test 3)
· FR2: Table 7.3.2.2.1-1 (Test 1-2), Table 7.3.2.2.2-1 (Test 2-1), Table 7.3.2.2.2-1 (Test 2-2)
Proposal 5:	Don’t define the 1 Rx PBCH requirements for scenario with SS block index is known.
Proposal 6:	Define SDR requirements for RedCap UEs.
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