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1. Introduction

In the last meeting, RAN4 discussed the scope and some general issues for NR demodulation [1]. 

In this contribution, we provide our views on SCS and CBW combinations and Rx ports that will be used for UE demodulation requirements.
2. Discussion 
2.1
SCS and CBW

Last meeting, RAN4 discussed the SCS and CBW for UE demodulation performance. The detailed set of SCS and CBW combinations is FFS. Demodulation requirements are band agnostic, but from test coverage perspective, RAN4 needs to specify the test cases to cover all NR bands. However, some company have concern on the timeline and heavy workload. 
The previous RAN4 agreements stated that: 

· Below 1 GHz, 15KHz and 30KHz are supported for data SCS
· Above 1GHz and below 6GHz, 15KHz, 30KHz, and 60KHz are supported for data SCS
· Above 6GHz, 120KHz and 240KHz are supported for data SCS

2.1.1 FR1
For FR1, RAN4 already agreed that UE should support all the bandwidths that specified in 38.101-1 Table 5.3.5-1 (see Annex). Basically, there are two types of NR bands in FR1, one is LTE refarming bands, the other is NR new bands (n77, n78, n79). 

Normally LTE refarming bands have limited spectrum resource (less than 100MHz) except for n41 (190MHz). All the LTE refarming bands can support 20MHz with 15KHz/30KHz/60KHz, except for n51 and n76. n51 and n76 only supports 5MHz bandwidth with 15KHz SCS.
For all the NR new band (n77, n78, n79) and LTE refarming band n41, 50MHz can be supported for 15KHz, 100MHz can be supported for 30KHz and 60KHz. Note that the minimum bandwidth of n79 is 40MHz, since n79 is the NR new spectrum without legacy IMT system.
Hence, in order to cover all the NR FR1 bands specified in 38.101-1, the following SCS and CBW combinations need to be specified for UE demodulation requirements
· 15KHz SCS with 5MHz BW (n51, n76)
· 15KHz SCS with 20MHz BW (most LTE refarming bands)
· 30KHz SCS with 20MHz BW (most LTE refarming bands)
· 60KHz SCS with 20MHz BW (most LTE refarming bands)
· 15KHz SCS with 50MHz BW (n77, n78, n79, n41)
· 30KHz SCS with 100MHz BW (n77, n78, n79, n41)
· 60KHz SCS with 100MHz BW (n77, n78, n79, n41)
Considering the number of test cases and workload, we can prioritize some combinations. For example, for LTE refarming bands, most likely, 15KHz will be used. For NR new bands, most likely, 30KHz SCS will be used. Hence, we can prioritize the following SCS and CBW combinations for FR1:

· 15KHz SCS with 20MHz BW (most LTE refarming bands)

· 30KHz SCS with 100MHz BW (n77, n78, n79, n41)

The other combinations still need to tested, but the requirements can be deprioritized and whether to duplicate all the test cases can be further discussed.
Proposal 1: For FR1, it is proposed to prioritize the following SCS and CBW combinations for UE demodulation requirements in Rel-15
· 15KHz SCS with 20MHz BW 

· 30KHz SCS with 100MHz BW 
2.1.2 FR2
For FR2, RAN4 already agreed that 200MHz is mandatory for all the UEs. So according to 38.101-2 Table 5.3.5-1, we propose to specify the following SCS and CBW combinations for FR2.
· 60kHz SCS with 200MHz BW

· 120KHz SCS with 200MHz BW
Table 5.3.5-1: Channel bandwidths for each NR band (38.101-2)

	NR band / SCS / UE Channel bandwidth

	NR Band
	SCS

kHz
	50 MHz
	100 MHz
	200

MHz
	400 MHz

	n257
	60
	Yes
	Yes
	Yes
	Yes

	
	120
	Yes
	Yes
	Yes
	Yes

	n258
	60
	Yes
	Yes
	Yes
	Yes

	
	120
	Yes
	Yes
	Yes
	Yes

	n260
	60
	Yes
	Yes
	Yes
	Yes

	
	120
	Yes
	Yes
	Yes
	Yes


Proposal 2: For FR2, it is proposed to specify the following SCS and CBW combinations for UE demodulation requirements in Rel-15
· 60kHz SCS with 200MHz BW

· 120KHz SCS with 200MHz BW

2.1
UE RX ports and MIMO layers
In last meeting, RAN4 discussed the number of UE Rx ports and MIMO layers, the agreements are as follows:

	–FR1

· Define 2RX and 4RX ports requirements
· Up to 4 MIMO layers

–FR2

· Define 2RX ports requirements

· Up to 2 MIMO layers


For FR1, in 38.101-1 section 7.2, it is specified that:
“The UE is required to be equipped with a minimum of two Rx antenna ports in all operating bands except for the bands n7, n38, n41, n77, n78, n79 where the UE is required to be equipped with a minimum of four Rx antenna ports.”
4Rx is mandatory for n7, n38, n41, n77, n78, n79. The case “30KHz SCS with 100MHz BW ” is applicable for n41, n77, n78, n79, so 4Rx can be the default assumption when defining test cases, but 2Rx requirements are still needed in order to test the fall back mode.
The case of “15KHz SCS with 20MHz BW” is applicable for most LTE refamring bands, including n7 n38, that 4Rx is mandatory supported in these bands. Hence, both 2Rx and 4Rx requirements are needed in order to cover n7, n38.
Proposal 3: For FR1, it is proposed to specify both 4Rx and 2Rx requirement for:
· 30KHz SCS with 100MHz BW
· 15KHz SCS with 20MHz BW 
3. Conclusion
In this contribution, we discuss the SCS and CBW combinations, and the Rx ports that will be used for UE demodulation requirements. The proposals are provided as follows: 
Proposal 1: For FR1, it is proposed to prioritize the following SCS and CBW combinations for UE demodulation requirements in Rel-15
· 15KHz SCS with 20MHz BW 

· 30KHz SCS with 100MHz BW 
Proposal 2: For FR2, it is proposed to specify the following SCS and CBW combinations for UE demodulation requirements in Rel-15
· 60kHz SCS with 200MHz BW

· 120KHz SCS with 200MHz BW
Proposal 3: For FR1, it is proposed to specify both 4Rx and 2Rx requirement for:
· 30KHz SCS with 100MHz BW
· 15KHz SCS with 20MHz BW 
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Annex
Table 5.3.5-1 Channel Bandwidths for Each NR band (38.101-1)
	NR band / SCS / UE Channel bandwidth

	NR Band
	SCS

kHz
	5 MHz
	101,2 MHz
	152 MHz
	202 MHz
	252 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	n1
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n2
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n3
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	n5
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n7
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n8
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n20
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n28
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n38
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n41
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	n50
	15
	Yes
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes3
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n51
	15
	Yes
	
	
	
	
	
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n66
	15
	Yes
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	
	
	
	

	n70
	15
	Yes
	Yes
	Yes
	Yes3
	Yes3
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes3
	Yes3
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes3
	Yes3
	
	
	
	
	
	

	n71
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n74
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n75
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	n76
	15
	Yes
	
	
	
	
	
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n77
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	n78
	15
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	n79
	15
	
	
	
	
	
	
	Yes
	Yes
	
	
	

	
	30
	
	
	
	
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	
	60
	
	
	
	
	
	
	Yes
	Yes
	Yes
	Yes
	Yes

	n80
	15
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	

	n81
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n82
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n83
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	
	
	

	n84
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	
	60
	
	Yes
	Yes
	Yes
	
	
	
	
	
	
	

	NOTE 1:
90% spectrum utilization may not be achieved for 30kHz SCS.

NOTE 2:
90% spectrum utilization may not be achieved for 60kHz SCS.
NOTE 3:
This UE channel bandwidth is applicable only to downlink.


