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1. Introduction

In this contribution the selection of frequency, channel BW, SCS, RB allocation and waveform for the Phase continuity requirements for DMRS bundling related test csae [1] is analyzed.

2. Phase continuity requirements for DMRS bundling 

Discussion
The phase continuity requirements test is applicable to devices that support DMRS bunding. The metric used is maximum allowable phase difference for FR2 UEs that support DMRS bundling and is defined in section 6.4.2.6 and Annex F.4 which details Phase offset measurement for DMRS bundling Transmit Modulation of TS 38.101-1 [2].
The minimum requirement is specified as follows:

6.4.2.6
Phase continuity requirements for DMRS bundling

For bands that UE indicates the support of DMRS bundling, when the UE is configured with DMRS bundling, the maximum allowable difference between the measured phase value in any slot p-1 and slot p shall satisfy the requirements as listed in Table 6.4.2.6-1 for the measurement conditions defined in Table 6.4.2.6-2, within a measurement time window limited by the UE capability of maximum duration for DMRS bundling [maxDurationDMRS-Bundling-r17], and defined for each frequency band separately. The phase value for each slot is measured as shown in Annex F.8. These requirements apply to PUCCH and PUSCH transmissions with DFT-s-OFDM and CP-OFDM waveforms.

Table 6.4.2.6-1: Maximum allowable phase difference for DMRS bundling
	UL channel
	Modulation order
	Phase difference between any slot p-1 and slot p 

(NOTE 2)

	PUSCH
	Pi/2 BPSK, QPSK
	[25] degrees

	PUCCH
	Pi/2 BPSK, BPSK, QPSK
	

	NOTE 1: 
The UE capability of the length of maximum duration refers to the maximum time duration during which UE is able to meet the phase continuity requirements, assuming no phase consistency violating events defined in TS 38.214 in between.

NOTE 2: 
This requirement applies for TDD bands, for supported DMRS bundling configurations ≤ 8 slots.


The above requirements are applicable when all the following conditions are met within the measurement time window.

-
RB allocation in terms of length and frequency position does not change, and intra-slot and inter-slot frequency hopping is not activated.
-
Modulation order does not change.
-
No network commanded TA takes effect.
-
The TPMI precoder does not change.
-
There is no change in UE EIRP level, and no change in the level of P-MPR applied by the UE.
-
UE is not scheduled with uplink transmission of other physical channel/signal in-between the PUSCH or PUCCH transmissions.

-
For TDD, no downlink slot(s) or downlink symbol(s) or flexible symbol(s) with/without DL monitoring occasion configured in-between the PUSCH or PUCCH transmissions.
-
No uplink beam switching occurs.
Table 6.4.2.6-2: Measurement conditions for the maximum allowable phase difference
	Parameter
	Unit
	Level

	UE EIRP
	dBm
	PUMAX,f,c in clause 6.2.4, P-MPR = 0

	UE downlink received power
	
	Not change

	Operating conditions
	
	Normal conditions

	Transmission bandwidth
	
	Confined within FUL_low + [4] MHz and FUL_high – [4] MHz

	DL signal frequency
	
	Not change before and during the measurement window

	DL signal timing
	
	Maintained constant before and during the measurement window

	UL slots for testing
	
	Tested on consecutive UL slots

	PUSCH waveform for testing
	
	DFT-s-OFDM


NOTE:
Phase continuity requirements for DMRS bundling is defined only within FR2-1 in this release of the specification.
Test Environment
The transmit signal quality test, which is phase continuity test is a subset of, is tested applying normal condition as test environment. Since the fundamental concepts of measurements are very similar among the transmit signal quality tests for NR FR2, using the same test environment is a reasonable approach.
Proposal 1: Define test environment as Normal for Phase Continuity Measurements in FR2.
Test Subcarrier Spacing

In this section the selection of the subcarrier spacing to be tested is analyzed. The subcarrier spacing determines the spectrum efficiency as well as the symbol duration. On the one hand, the maximum transmission bandwidth, i.e. largest spectrum efficiency, is achieved with the lowest subcarrier spacing setting a tighter requirement on the modulation performance in the frequency domain. On the other hand, a large subcarrier spacing results in short symbols which need to be well defined in the time domain to achieve a high signal quality. For a mid-valued SCS neither the largest transmission bandwidth nor the shortest symbols occur. However, in the case of lowest SCS the requirement in the time domain is most relaxed and for the highest SCS the requirement for the frequency domain is lowest. Mid SCS is not in the scope of other transmit signal quality tests and therefore need not be covered for this phase continuity measurements test as well.
Proposal 2: Select lowest, and highest SCS for Phase continuity measurements in FR2.

Test Frequencies

The NR FR2 transmit signal quality tests are generally tested for Low range, Mid range, and High range. Due to the per band filters present in the RF frontend of FR2 NR UEs, the same test coverage is needed to ensure that the phase continuity performance is not deteriorated by transmission properties of the filters in combination with those of the PAs.

Proposal 3: Test Phase Continuity performance for Low range, Mid range, and High range frequencies in FR2.

Test Channel Bandwidth

The NR FR2 transmit signal quality tests are tested for Lowest, 5 MHz and Highest channel bandwidths. This assumption seems to be reasonable to test different behaviors of the UE transmitter related to different frequency selectivity with respect to different channel bandwidth at first sight. However, in order to achieve test time reduction, we believe that mid channel bandwidth can be omitted as it does not pose an extreme case.
Proposal 4: Test Phase continuity measurements for Lowest, and Highest channel bandwidth in FR2.

Test Modulations and waveforms for PUSCH Phase continuity
The minimum requirements are specified for Pi/2-BPSK, BPSK and QPSK. To ensure that the UE meets all these requirements the test has to cover these modulations. 

Proposal 5: Test Phase continuity for the modulation waveform combinations stated in Table 2.6-1.

Table 2.6-1: Modulation and waveform combinations
	DFT-s-OFDM PI/2 BPSK

	DFT-s-OFDM QPSK

	CP-OFDM QPSK


RB allocation for PUSCH Phase Continuity
As with other transmit modulation quality tests, it is sufficient to test the modulations of interest with inner_full allocation only since the minimum conformance requirements for phase continuity clarify that there is no change in UE transmission power level, and no change in the level of P-MPR applied by the UE and therefore does not depend on the power level.
Proposal 6: Test PUSCH phase continuity with the modulation, waveform and RB allocation combinations comprised in Table 2.7-1.

Table 2.7-1: Modulation, waveform and RB combinations

	Test ID
	Uplink Configuration

	
	Modulation
	RB allocation (NOTE 1)

	1
	DFT-s-OFDM PI/2 BPSK
	Inner Full

	2
	DFT-s-OFDM QPSK
	Inner Full

	3
	CP-OFDM QPSK
	Inner Full


Test Modulations, waveforms and formats for phase continuity of PUCCH
Depending on the PUCCH format QPSK or PI/2- BPSK are applied as modulation. 

Proposal 7: Test phase continuity of PUCCH for DFT-s-OFDM and CP-OFDM Format 1 and 3.
Downlink configuration for PUCCH
For transmit signal modulation tests, generally the PUCCH measurements should not depend on the downlink allocation and therefore a specification of the downlink allocation is not required. 
Proposal 8: Do not specify a downlink allocation for PUCCH measurements.  
3. 
Conclusion

To sum up, the following selection of test points is proposed for Phase continuity measurements for NR FR2:

Proposal 1: Define test environment as Normal for Phase Continuity Measurements in FR2.

Proposal 2: Select lowest, mid and highest SCS for Phase continuity measurements in FR2.

Proposal 3: Test Phase Continuity performance for Low range, Mid range, and High range frequencies in FR2.

Proposal 4: Test Phase continuity measurements for Lowest, and Highest channel bandwidth in FR2.

Proposal 5: Test Phase continuity for the modulation waveform combinations stated in Table 2.6-1.

Table 2.6-1: Modulation and waveform combinations
	DFT-s-OFDM PI/2 BPSK

	DFT-s-OFDM QPSK

	CP-OFDM QPSK


Proposal 6: Test PUSCH phase continuity with the modulation, waveform and RB allocation combinations comprised in Table 2.7-1.

Table 2.7-1: Modulation, waveform and RB combinations

	Test ID
	Uplink Configuration

	
	Modulation
	RB allocation (NOTE 1)

	1
	DFT-s-OFDM PI/2 BPSK
	Inner Full

	2
	DFT-s-OFDM QPSK
	Inner Full

	3
	CP-OFDM QPSK
	Inner Full


Proposal 7: Test phase continuity of PUCCH for DFT-s-OFDM and CP-OFDM with Format 1a for FDD and Format 1a / 1b for TDD.
Proposal 8: Do not specify a downlink allocation for PUCCH measurements.  
4. 
Number of test points

In this document several proposals have been stated for the configuration parameters. In all of cases the analysis has been focused on reducing testing time without losing coverage in UE testing for NR FR2.

Phase continuity of PUSCH:

	Environmental

conditions
	Maximum Number of Frequencies 
	Maximum Number of ChBW
	Number SCS
	Number of steps (mod and RB)
	Maximum Number of Test Steps

	1
	3
	2
	3
	3
	54


Phase continuity of PUCCH:

	Environmental

conditions
	Maximum Number of Frequencies 
	Maximum Number of ChBW
	Number SCS
	Number of steps (format and waveform)
	Maximum Number of Test Steps

	1
	3
	2
	3
	2
	36
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