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1. Introduction
At the last meeting, high-level scope of UE demodulation requirements were agreed [1]. In this contribution, we provide our views on PDSCH demodulation requirements.
2. Discussion
ZP CSI-RS for UE demodulation test
In the last meeting, following agreement was reached regarding test parameters on zero-power (ZP) CSI-RS [3].
Agreements:
· ZP CSI-RS
· Introducing ZP CSI-RS configuration in part of test cases FFS for demod or CSI.

ZP CSI-RS is a feature to perform RE muting, i.e., UE assumes that PDSCH is not multiplexed in the REs that is informed as ZP CSI-RS. First of all, we’d like to mention that ZP CSI-RS is just a feature for RE muting and nothing to do with interference measurement by itself. Figures 1-3 show two major use cases for ZP-CSI-RS.
Firstly, Fig. 1 shows the use case of ZP CSI-RS that is intended for interference measurement. In this example, UE is configured with IMR and ZP CSI-RS for the same REs and performs interference measurement with the REs configured for the IMR, which is rate matched by the ZP CSI-RS resource. Here, we’d like to note that CSI-IM REs are not rate matched around unless they are covered by ZP CSI-RS resources based on the agreements in RAN1 #AH1801. If we want to test this feature, it should be included in CSI test.
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Figure 1: ZP CSI-RS for interference measurement
Secondly, Fig. 2 shows the use case of ZP CSI-RS that is used to improve CSI estimation accuracy. In this case, ZP-CSI-RS is configured in the interfering TRP and UEs in serving TRP can exploit better CSI accuracy thanks to muted REs in the neighbouring TRP. If we want to test this feature, it should be included in CSI test. 
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Figure 2: ZP CSI-RS for CSI accuracy improvement
Finally, Fig. 3(a) shows another use case of ZP CSI-RS, i.e., forward compatibility. In this example, we assume that new physical channel or signal is introduced in Rel. 16. Rel. 15 UE can be configured with ZP CSI-RS and assumes that PDSCH is not multiplexed to the REs (UE assumes that PDSCH is rate matched around REs with ZP CSI-RS). By applying this method, we can achieve forward compatibility for Rel. 15 UE, i.e., Rel. 15 UE and 16 UE can co-exist in the same frequency-time resources. Another example is shown in Fig. 3(b). Here, for an initial NR deployment, operators would deploy with limited number of Tx ports due to restrictions such as time and cost. However, in the later stage, the number of Tx port could be increased for enhanced system performance. In order to enable this kind of NW enhancement, Rel. 15 UE should capable of catering not only for the signals/channels for initial Rel. 15 operation but also for those of future operation. Fig. 2(b) shows an example of CSI-RS enhancement, where the number of port is increased from 8 to 16. In order to allow future enhancement, the Rel. 15 UE should be able to rate match around 16-port CSI-RS, i.e., ZP CSI-RS that fits 16-port CSI-RS RE mapping. These function should be tested not in CSI but in normal demodulation test.
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Figure 3(a): ZP CSI-RS for forward compatibility (introduction of new channels/signals)
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Figure 3(b): ZP CSI-RS for forward compatibility (Enhanced technology)
From operator’s perspective, it is very important to guarantee the forward compatibilities in order to avoid scheduling restriction between UEs with different technologies. Based on the discussion above, we observe and propose followings. Proposed parameters on ZP CSI-RS configurations are also shown in the proposals.

Observation: Followings are major use cases for ZP-CSI-RS.
· RE muting for IMR (covered by CSI test, if necessary)
· Improvement of CSI accuracy (covered by CSI test, if necessary)
· Forward compatibility (covered by normal PDSCH demodulation test)
Proposal 1: ZP CSI-RS for forward compatibility should be tested in normal PDSCH demodulation test.
Proposal 2: Use following parameters for ZP CSI-RS configurations for normal PDSCH demodulation test.
	Parameters
	Values

	First subcarrier index in the PRB used for CSI-RS (k0)
	TBD

	First OFDM symbol in the PRB used for CSI-RS (l0)
	TBD

	Number of CSI-RS ports (X)
	TBD

	CDM Type
	TBD

	Density (ρ)
	TBD

	CSI-RS periodicity
	TBD

	CSI-RS offset
	TBD



UE Demodulation test for DDDSU
In the last meeting, following agreement was reached regarding TDD configurations on CSI test.
Agreements (in CSI reporting agenda):
· TDD DL-UL configuration
· FR1 30kHz: 7D1S2U, S=6D:4G:4U
· FR2 120kHz: DDSU, S=11D+3G
· Introduce the PDSCH demodulation test cases with following PMI for TDD configuration of DDDSU for FR2.

It was agreed that CSI performance test is covered by one TDD DL/UL configuration for FR1 and FR2, respectively. In addition, another TDD configuration is agreed to be covered by PDSCH demodulation test to verify proper CSI derivation. In order to limit the total number of test cases, it is proposed to replace one normal PDSCH demodulation test from random precoding test to the follow PMI test. It is also proposed to apply rank 1 test, since impact of PMI selection is more sensitive in low rank cases. 
Proposal 3: One normal PDSCH demodulation test with DDDSU and random precoding should be replaced to follow PMI test.
	Parameters
	Values

	Frequency band
	FR2

	TDD DL/UL Config.
	DDDSU

	Precoding
	Follow PMI

	Rank
	1

	MCS
	4



Impact of phase noise in FR2
In the previous meetings, there was discussion on the impact of phase noise in FR2. Following agreements were reached after the discussion. 
Agreements:
Companies are encouraged to bring more analysis for PN impact on performance requirements in FR2 covering frequency ranges from 26GHz to [52]/[40]GHz? Candidate options:
· Option 1: Define band agnostic requirements
· Assume worst case RF impairments (e.g. for 52 GHz)
· Limit the maximum tested MCS
· Option 2: Define band-specific requirements
· Other options not excluded

From some simulation results [2], it is observed that throughput performance is degraded due to phase noise especially for higher frequency band and higher SNR. If we design UE test with band agnostic manner as in option 1, it means that the requirement is not suitable for low frequency. In addition, we might have additional FR2 band in the future releases and there still is possibility that we need to make band-specific requirements. Considering these aspects, we propose to define band-specific requirements for FR2. Figure 4 shows image of received noise observed at UE receiver, which is composed of white noise and phase noise. As shown in the figure, phase noise becomes more dominant when SNR is large, while impact of phase noise might be negligible for low SNR region. In this sense, it might be reasonable that band-specific requirement is introduced only for phase-noise limited scenario. Detailed analysis on the phase-noise limited scenario is FFS. In addition, it is at least necessary to introduce band specific requirement at least for n260, since operating band is largely different from three other bands.
[image: ]
Figure 4: White noise and phase noise
Table I: NR operating bands in FR2
	Index
	Operating band
	Duplex Mode

	n257
	26500 MHz - 29500 MHz
	TDD

	n258
	24250 MHz - 27500 MHz
	TDD

	n260
	37900 MHz - 40000 MHz
	TDD

	n261
	27500 MHz - 28350 MHz
	TDD



Proposal 4: For FR2 UE demodulation test, band-specific requirements is introduced at least for phase noise-limited scenario, i.e., high SNR scenario, details FFS. 
· Introduce separate requirement at least for n260.
Configurations of NZP CSI-RS
[bookmark: _GoBack]Proposal 5: Configurations of NZP CSI-RS should be determined as follows.
	Parameters
	Values

	First subcarrier index in the PRB used for CSI-RS (k0)
	TBD

	First OFDM symbol in the PRB used for CSI-RS (l0)
	TBD

	Number of CSI-RS ports (X)
	TBD

	CDM Type
	TBD

	Density (ρ)
	TBD

	CSI-RS periodicity
	TBD

	CSI-RS offset
	TBD


Channel BW and subcarrier spacing
In general, it is preferred that all available combinations are covered by the test cases. However, considering the number of possible combinations (more than 30), it is feasible to down select the combinations that are more likely to be used. Table II shows our proposed combinations for PDSCH performance test. For instance, SCS of 15kHz can assume an operation of LTE re-farming and select smaller CBW such as 10-20 MHz. In addition, larger CBW is selected for SCS of 30 kHz assuming operation using n77-79. For SCS of 120kHz, it is less likely that very large CBW is used considering reduced flexibility of frequency utilization. 
Table II: CBW and SCS for PDSCH demodulation test
	CBW (MHz)
	FR1
	FR2

	
	15 kHz
	30 kHz
	60 kHz
	60 kHz
	120 kHz

	5
	
	
	N/A
	N/A
	N/A

	10
	
	
	
	N/A
	N/A

	15
	
	
	
	N/A
	N/A

	20
	
	
	
	N/A
	N/A

	25
	
	
	
	N/A
	N/A

	30
	
	
	
	N/A
	N/A

	40
	
	
	
	N/A
	N/A

	50
	
	
	
	
	

	60
	N/A
	
	
	N/A
	N/A

	80
	N/A
	
	
	N/A
	N/A

	100
	N/A
	
	
	
	

	200
	N/A
	N/A
	N/A
	
	

	400
	N/A
	N/A
	N/A
	N/A
	



Proposal 6: Support CBW and SCS in Table II for PDSCH performance test.
3. Conclusion
In this contribution, we discuss general assumptions for PDSCH demodulation requirement. Following observations and proposals are derived based on the discussion.
Observation: Followings are major use cases for ZP-CSI-RS.
· RE muting for IMR (covered by CSI test, if necessary)
· Improvement of CSI accuracy (covered by CSI test, if necessary)
· Forward compatibility (covered by normal PDSCH demodulation test)
Proposal 1: ZP CSI-RS for forward compatibility should be tested in normal PDSCH demodulation test.
Proposal 2: Use following parameters for ZP CSI-RS configurations for normal PDSCH demodulation test.
	Parameters
	Values

	First subcarrier index in the PRB used for CSI-RS (k0)
	TBD

	First OFDM symbol in the PRB used for CSI-RS (l0)
	TBD

	Number of CSI-RS ports (X)
	TBD

	CDM Type
	TBD

	Density (ρ)
	TBD

	CSI-RS periodicity
	TBD

	CSI-RS offset
	TBD



Proposal 3: One normal PDSCH demodulation test with DDDSU and random precoding should be replaced to follow PMI test.
	Parameters
	Values

	Frequency band
	FR2

	TDD DL/UL Config.
	DDDSU

	Precoding
	Follow PMI

	Rank
	1

	MCS
	4



Proposal 4: For FR2 UE demodulation test, band-specific requirements is introduced at least for phase noise-limited scenario, i.e., high SNR scenario, details FFS. 
· Introduce separate requirement at least for n260.
Proposal 5: Configurations of NZP CSI-RS should be determined as follows.
	Parameters
	Values

	First subcarrier index in the PRB used for CSI-RS (k0)
	TBD

	First OFDM symbol in the PRB used for CSI-RS (l0)
	TBD

	Number of CSI-RS ports (X)
	TBD

	CDM Type
	TBD

	Density (ρ)
	TBD

	CSI-RS periodicity
	TBD

	CSI-RS offset
	TBD



Proposal 6: Support CBW and SCS in the following Table for PDSCH performance test.
	CBW (MHz)
	FR1
	FR2

	
	15 kHz
	30 kHz
	60 kHz
	60 kHz
	120 kHz

	5
	
	
	N/A
	N/A
	N/A

	10
	
	
	
	N/A
	N/A

	15
	
	
	
	N/A
	N/A

	20
	
	
	
	N/A
	N/A

	25
	
	
	
	N/A
	N/A

	30
	
	
	
	N/A
	N/A

	40
	
	
	
	N/A
	N/A

	50
	
	
	
	
	

	60
	N/A
	
	
	N/A
	N/A

	80
	N/A
	
	
	N/A
	N/A

	100
	N/A
	
	
	
	

	200
	N/A
	N/A
	N/A
	
	

	400
	N/A
	N/A
	N/A
	N/A
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