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1. Introduction

NR has been designed in a flexible manner, but the drawback of the flexibility is that there are so many configurations to be tested. In this contribution, we discuss how to ensure the test coverage for some essential parameters.
2. Discussion
In NR, UE demodulation requirements should be specified at least for the following physical channels.

1. PBCH
2. PDCCH

3. PSDCH

4. CSI framework

In the following, we discuss general assumptions for those requirements.
2.1 Number of Rx ports

In LTE, 2Rx ports are the baseline assumption for UE demodulation requirements from Rel.8. On top of that, some additional requirements assuming 4 Rx ports were added in Rel.13 4Rx WI, and currently the requirements for 8Rx ports are under discussion in Rel.15 LTE WI. This approach has contributed to ensure the wide test coverage with the fewest test cases. However, it brought one controversial issue in Rel.13 4Rx WI, i.e. applicability rule for the 4Rx UE without any 2Rx RF bands (Type 2 UE). The conclusion of this discussion is summarized as follows [1]. 
	For 4Rx capable UEs without any 2Rx RF bands, all single carrier tests specified in 8.2 to 8.8 with 2Rx are tested on any of the 4Rx supported RF bands by duplicating the fading channel from each Tx antenna and add independent noise for each Rx antenna. Figure 8.1.2.6.1-1 shows an example of antenna connection for 4Rx UE in any one 4Rx supported RF band to perform a 2Rx performance test with antenna configuration as 2x2 without interference for information. The SNR requirements should be applied with 1.5 dB less than the number specified with 2Rx for test configuration with CRS-based TM and with 1.5 dB less than the number specified with 2Rx for test configuration with DMRS-based TM.


Even though 1.5 dB of SNR offset may be too conservative in some cases considering Rx diversity gain (theoretically 3dB gain can be obtained), it would be still reasonable in LTE because almost UEs are Type 1 UE (4Rx UE with 2Rx RF band) and Type 2 UE would be rare case. For NR, however, we consider that the same approach as LTE is not appropriate since Type 2 UE is not rare case. For example, we can easily consider the following two UEs with different DC capabilities.

1. UE with DC_1A_n77A

2. UE with DC_1A_n3A

The first UE shall support 4Rx ports in NR band n77 as agreed in  [2], but the second UE may support only 2Rx ports in NR band since band n3 is LTE re-farming band. Both scenarios would be important for operators and the performance of both UEs should be appropriately verified. One possible solution for this issue is to specify the requirements for both 2Rx and 4Rx at least for common features between 2Rx and 4Rx, e.g. MIMO layer 1 and 2, with the same assumption at transmitter (TE) side, i.e. the same DL signal between 2Rx and 4Rx. Note that link level simulation should be used to derive each SNR requirements, and any offset value is not used. Other dedicated feature for 4Rx, e.g. MIMO layer 3 and 4, can be verified only for 4Rx UE. One example for normal PDSCH test is shown in Table 1. Although the simulation work in RAN4 may be increased, the performance of the UE can be sufficiently verified by this approach. However, applicability rule for the UE which supports both 2Rx and 4Rx ports in some bands needs to be further discussed to minimize the testing cost.

Proposal 1:
· For FR1, UE demodulation requirement for both 2Rx and 4Rx ports should be specified with the same assumption at transmitter side for common features between 2Rx and 4Rx UE, e.g. MIMO layer 1 and 2.

· Some dedicated features for 4Rx are tested for 4Rx UE only

· FFS: applicability rule for the UE which supports both 2Rx and 4Rx ports including fallback case 
· For FR2, 2Rx ports are baseline, but the same approach should be applied if 4Rx ports are introduced in future
Table 1. Example of PDSCH requirements 

	Test number
	Bandwidth and MCS
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Reference value

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	
	
	
	
	
	
	2x2 Low
	2x4 Low

	1
	10 MHz
QPSK 1/3 

Layer 1 or 2
	R.xx TDD
	OP.X TDD
	TDL5
	70
	XX
	YY


	Test number
	Bandwidth and MCS
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Reference value

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	
	
	
	
	
	
	-
	4x4 Low

	1
	10 MHz
16QAM 1/3 

Layer 3 or 4
	R.yy TDD
	OP.y TDD
	TDL5
	70
	-
	ZZ


2.2 Subcarrier spacing

In LTE, only 15kHz is a candidate of subcarrier spacing. In NR, on the other hand, 15/30/60kHz and 60/120kHz can be configured for FR1 and FR2, respectively. Ideally all subcarrier spacing should be tested, but this significantly increases the test cases and costs. Therefore, some limitation would be necessary. In our understanding, in FR1, 15kHz SCS is normally configured to UE with 2Rx ports in almost LTE re-farming bands, and 30kHz SCS is for UE with 4rx ports in new NR bands such as n77-79. In FR2, 120kHz SCS could be baseline. Those SCS can be considered as “default SCS” for UE demodulation requirements. However, it does not mean that non-default SCSs do not need to be tested. The performance of UE with non-default SCS should be tested in some dedicated test cases.
Proposal 2: 

· In FR1, 15kHz SCS is default for 2Rx UE, and 30kHz SCS is default for 4Rx UE

· In FR2, 120kHz SCS is default for 2Rx UE
· In some dedicated test cases, non-default SCS (e.g. 15kHz SCS for 4Rx UE, 30kHz SCS for 2Rx UE) should be tested 
2.3 UE channel bandwidth (CBW)
In LTE, 10MHz CBW is used as default value since almost bands support this CBW. The same manner as LTE should be applied for NR, and the following UE CBWs can be used as default CBW for UE demodulation requirements considering the agreements on UE mandatory CBW [3, 4].
· In FR1, 10MHz UE CBW is default for 2Rx UE (with 15kHz SCS)

· The requirements for 5MHz UE CBW are needed for some LTE-refarming bands which do not support 10MHz CBW, e.g. n51, n76

· In FR1, 100MHz UE CBW is default for 4Rx UE (with 30kHz SCS)

· In FR2, 200MHz UE CBW is default for 2Rx UE (with 120kHz SCS)
In addition, non-default CBWs should be tested in some dedicated test cases similar to LTE. Supported CBWs are significantly different among NR bands, hence in order to simplify the test cases, we propose to introduce one or more requirements in which “all UE CBWs” needs be tested. For example, if the requirement is tested in band n1, the tested CBWs are {5, 10, 15, 20 MHz}, but {10, 15, 20, 40, 50, 60, 80, 100MHz} if in band n77 according to TS38.101-1 and 2. 
On the other hand, it is unclear that BS CBW needs to be indicated in RAN4 specifications. Considering forward capability related issue, not only the case where UE CBW is the same as BS CBW but also the case where UE CBW is smaller than BS CBW should be tested in UE demodulation requirements. 
Proposal 3: 

· The following UE CBWs are default for UE demodulation requirements
· In FR1, 10 or 20MHz CBW for 2Rx UE (with 15kHz SCS)

· In FR1, 50 or 100MHz CBW for 4Rx UE (with 30kHz SCS)

· In FR2, 100 or 200MHz CBW for 2Rx UE (with 120kHz SCS)

· Introduce one or more requirements in which “all UE CBWs” including default and non-default CBWs needs be tested.
· FFS: BS channel bandwidth in the test cases
2.3 TDD configuration and # of HARQ process
Our consideration on TDD configuration is provided in [5]. The same UL/DL configuration as LTE config. #2 should be baseline at least for FR1. For 4Rx UE with 30kHz SCS, the corresponding TDD configuration is shown as follows. In this case, the required number of HARQ process is 16.

[image: image1.emf]a. DL:UL = 8:2 (compatible with LTE TDD Config.2)
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DL symbol

UL symbol

DLSlots: 7

DLSymbols: 6

ULSymbols: 4

ULSlots: 2

dl-UL-TransmissionPeriodicity: ms5 (10slots), Config: 7D,6d,4G,4u,2U

D: DL Slot, d: DL symbol, U: UL slot, u: UL symbol

G: Guard period


Proposal 4: For FR1, the same UL/DL configuration as LTE cofig. #2 should be baseline for UE demodulation requirements.

Proposal 5: The number of HARQ process should be set to 16 as baseline.
3. Conclusion
In this contribution, we discuss general assumptions for some essential parameters.

Proposal 1:
· For FR1, UE demodulation requirement for both 2Rx and 4Rx ports should be specified with the same assumption at transmitter side for common features between 2Rx and 4Rx UE, e.g. MIMO layer 1 and 2.

· Some dedicated features for 4Rx are tested for 4Rx UE only

· FFS: applicability rule for the UE which supports both 2Rx and 4Rx ports including fallback case 
· For FR2, 2Rx ports are baseline, but the same approach should be applied if 4Rx ports are introduced in future
Proposal 2: 

· In FR1, 15kHz SCS is default for 2Rx UE, and 30kHz SCS is default for 4Rx UE

· In FR2, 120kHz SCS is default for 2Rx UE
· In some dedicated test cases, non-default SCS (e.g. 15kHz SCS for 4Rx UE, 30kHz SCS for 2Rx UE) should be tested 
Proposal 3: 

· The following UE CBWs are default for UE demodulation requirements
· In FR1, 10 or 20MHz CBW for 2Rx UE (with 15kHz SCS)

· In FR1, 50 or 100MHz CBW for 4Rx UE (with 30kHz SCS)

· In FR2, 100 or 200MHz CBW for 2Rx UE (with 120kHz SCS)

· Introduce one or more requirements in which “all UE CBWs” including default and non-default CBWs needs be tested.
· FFS: BS channel bandwidth in the test cases
Proposal 4: For FR1, the same UL/DL configuration as LTE cofig. #2 should be baseline for UE demodulation requirements.

Proposal 5: The number of HARQ process should be set to 16 as baseline.
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