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Introduction
In RAN1#90 meeting, following agreements on broadcast/multicast PDSCH and locations of one additional DMRS for the 1-symbol front-loaded DMRS were made:
Agreements:
· For broadcast/multicast PDSCH:
· Additional DMRS is always present (Alt. 1)
· FFS: location and number of additional DMRS
Conclusion:
· For broadcast/multicast PDSCH (other than PBCH), the PDSCH is transmitted with a single DMRS port: 
· Companies are encouraged to perform more analysis/evaluations. To conclude the DM-RS pattern in the next RAN1 meeting
Agreements:
· For PDSCH, when one additional DMRS symbol is configured for the 1-symbol front-load DMRS in a 14-symbol slot with front-load DMRS on the 3rd or 4th symbol, the additional DMRS symbol can be configured in the 12th, 10th, 8th symbol, 

In this contribution we provide some evaluation results on DMRS for broadcast/multicast PDSCH and symbol locations in the case of two 1-symbol additional DMRS for the 1-symbol front-loaded DMRS. 
Discussion
1 
2 
2.1 Evaluations on broadcast/multicast DMRS
Figure 1 shows the DMRS configuration type 1 with three symbols and figure 2 shows the DMRS configuration type 2 with six symbols. For fair comparison, number of DMRS REs for both configurations is kept nearly equal and coding rate is adjusted to match the DMRS overhead.

Figure 1, DMRS configuration type 1


Figure 2, DMRS configuration type 2
Figure 3 shows the link level simulation results comparing BLER of the two DMRS configurations as shown in figures 1 and 2.
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Figure 3, BLER comparison of two DMRS configurations
It can be observed that DMRS configuration type 2 slightly performs better than configuration type 1. The simulation results are obtained under numerology of 15 KHz SCS, for larger SCS performance of configuration type 2 may worsen as the distance between DMRS position becomes larger in frequency domain.
Observation: in numerology of 15 KHz SCS, configuration type 2 performs slight better than configuration type 1.
Proposal 1: considering the wide range of supported PDSCH numerologies, for broadcast/multicast PDSCH DMRS configuration type 1 is supported. 

2.2 Evaluations on two 1-symbol additional DMRS
In this section we evaluate different positions of additional DMRS when two 1-symbol additional DMRS are configured. For one 1-symbol additional DMRS, the symbol positions of 12th, 10th and 8th have been agreed, however for high speed scenario with two 1-symbol additional DMRS the performance degradation could be significant when there are extrapolation of 2 symbols compared to extrapolation of 1 symbol. Table 1 summarizes DMRS patterns with one additional DMRS and 2 symbols control channel of the figure in appendix, and locations of two 1-symbol additional DMRS for evaluation. The column “One additional DMRS” in the table 1 describes the location of front-loaded and one additional DMRS which has been agreed in RAN1#90. For two additional DMRS, second additional DMRS is inserted in between front-loaded DMRS and first additional DMRS. Different DMRS locations as given in table 1 are compared using link level simulations and results are shown in the figures 4 – 9.  
  
Table 1, additional DMRS symbol positions
	PDSCH Symbol region 
	One additional DMRS
	 Two additional DMRS

	2-13
	2,11
	2,7,11
	2,7,12
	2,7,13

	2-12
	2,11
	2,7,11
	2,7,12
	\

	2-11
	2,9
	2,6,9
	2,6,10
	2,6,11

	2-10
	2,9
	2,6,9
	2,6,10
	\

	2-9
	2,9
	2,5,9
	2,5,8
	2,5,7

	2-8
	2,7
	2,4,7
	2,5,8
	\



[image: ]
Figure 4, two additional DMRS positions for PDSCH range 2-13 symbols
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Figure 5, two additional DMRS positions for PDSCH range 2-12 symbols
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Figure 6, two additional DMRS positions for PDSCH range 2-11 symbols
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Figure 7, two additional DMRS positions for PDSCH range 2-10 symbols
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Figure 8, two additional DMRS positions for PDSCH range 2-9 symbols
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Figure 9, two additional DMRS positions for PDSCH range 2-8 symbols
From the figures 4-9, it can be seen that for two 1-symbol additional DMRS the location of latest additional DMRS can be same as the position of one additional DMRS and the position of another additional DMRS is somewhere in the middle of front-loaded DMRS and latest additional DMRS.
Proposal 2: for two 1-symbol additional DMRS the location of latest additional DMRS can be same as the position of one additional DMRS

Conclusions
In this contribution we evaluated two DMRS configuration types for broadcast/multicast PDSCH and locations of two 1-symbol additional DMRS. We have following observation and proposals:
Observation: in numerology of 15 KHz SCS, configuration type 2 performs slight better than configuration type 1.
Proposal 1: considering the wide range of supported PDSCH numerologies, for broadcast/multicast PDSCH DMRS configuration type 1 is supported. 
Proposal 2: for two 1-symbol additional DMRS the location of latest additional DMRS can be same as the position of one additional DMRS
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Appendix

One additional DMRS for 1-symbol front-loaded DMRS
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