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1. Introduction
At RAN4#88, following agreements were reached regarding the number of DM-RS [1].
· DMRS
· Type 1 single symbol front loaded
· 1 additional DMRS for Low (5/10Hz) and Medium (100 Hz) Speed scenarios 
· i.e. for full DL slots OFDM symbols with DMRS: #2 and #9 
· 2 additional DMRSs for High (400 Hz) Speed scenarios
· i.e. for full DL slots OFDM symbols with DMRS: #2, #6 and #9
· FDM is applied between DMRS and data for test cases with 1 Layer and 2 Layers

In this contribution, we discuss issues on test coverage of DM-RS configurations for RAN4 test. This is a revised contribution based on R4-1908596 by adding simulation results in Sec. 2.2 (no change for the other part including observations and proposal.
2. Discussion
2.1 Number of additional DM-RS
For the Rel. 15 UE demodulation, 1 additional DM-RS is used for the test cases with Doppler frequency of 5, 10 and 100 Hz, while 2 additional DM-RS is used for that of 400 Hz. The test design seems natural, since larger number of additional DM-RS is required for high mobility scenarios. On the other hand, in the commercial network, the number of high-speed UEs is not always large. For instance, for the urban and rural scenarios, most of the UEs are low-to-mid speed, while there are some high-speed UEs in trains or vehicles in highways. Ideally, gNB should estimate mobility for each UE and adjust the number of additional DM-RSs with UE-specific manner. However, at least for the early NR deployment, it is not easy to implement accurate UE speed estimation and RRC re-configuration of the number of additional DM-RSs. Moreover, if the number of additional DM-RS is UE-specifically changed, it will result in scheduling restriction for MU-MIMO operation, since UEs with different DM-RS configuration can’t be multiplexed together for MU-MIMO. With the reasons above, we think it is more natural to apply same number of additional DM-RS in a cell and the number of additional DM-RS should be one considering that most of the UEs are low-to-mid mobility.

Observation 1: Followings were specified for Rel. 15 FR1 UE normal demodulation tests.
· For low-to-middle Doppler scenarios, 1 additional DMRS tests (no 2 additional DM-RS tests) 
· For high Doppler scenarios, 2 additional DMRSs tests (no 1 additional DM-RS tests)
Observation 2: For early NR deployment, it is typical to use same number of additional DM-RS within a cell.
Observation 3: Considering that most of the UEs are low-to-mid mobility, cell common number of additional DM-RS is 1, if applicable.

2.2 Simulation results
We performed link-level simulation in order to verify the impact of the number of additional DM-RS. We reused simulation assumptions of normal demodulation test case 1-1 for TDD 2Rx. In the evaluation, maximum Doppler frequency is set to 400 Hz. Detailed parameters are shown in Table A1. Fig. 1.1 and Fig. 1.2 show simulation results of throughput performance with 1 and 2 additional DM-RS, respectively. In Fig. 1.1, it is observed that there is negligible performance difference between them, while peak throughput is higher for 1 additional DM-RS case due to lower DM-RS overhead. Thus, Fig. 1.2 shows same simulation results by changing vertical axis to normalized throughput. From the results, there is slight gap in the aspect of 70% of max throughput.
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Fig. 1.1 Throughput vs average SNR
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Fig. 1.2 Normalized throughput vs average SNR



Proposal: Introduce high Doppler normal demodulation test, e.g., 400 Hz, with 1 additional DM-RS.
· Alt. 1: Introduce one additional test 
· Alt. 2: Replace one high Doppler test with 1 additional DM-RS
3. Conclusion
In this contribution, we presented our views on DM-RS configurations. Our observations and proposal are shown as follows.
Observation 1: Followings were specified for Rel. 15 FR1 UE normal demodulation tests.
· For low-to-middle Doppler scenarios, 1 additional DMRS tests (no 2 additional DM-RS tests) 
· For high Doppler scenarios, 2 additional DMRSs tests (no 1 additional DM-RS tests)
Observation 2: For early NR deployment, it is typical to use same number of additional DM-RS within a cell.
Observation 3: Considering that most of the UEs are low-to-mid mobility, cell common number of additional DM-RS is 1, if applicable.
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· Alt. 1: Introduce one additional test 
· Alt. 2: Replace one high Doppler test with 1 additional DM-RS
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Appendix

Table A1: Link-level simulation parameters
	Parameter
	Value

	Duplex mode
	TDD

	Reference channel
	R.PDSCH.2-1.1

	Bandwidth (MHz) / Subcarrier spacing (kHz)
	40 / 30

	Modulation format and code rate
	QPSK, 0.30

	TDD UL-DL pattern
	FR1.30-1A {7DS2U}

	Propagation condition
	TDLB100-400

	Correlation matrix and antenna configuration
	2x4, ULA Low

	Active DL BWP index
	1

	PDSCH configuration
	Starting symbol (S) 
	2

	
	PDSCH aggregation factor
	1

	
	PRB bundling type
	Static

	
	PRB bundling size
	4

	
	Resource allocation type
	Type 0

	
	RBG size
	Config2

	PDSCH DMRS configuration
	DMRS Type
	Type 1

	
	Number of additional DMRS
	1 and 2

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	1

	CSI-RS periodicity
	40 slots

	Number of HARQ Processes
	8
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