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1 Introduction
In RAN1#88, the following working assumption on extended CP length has been achieved [1]:
· Working assumption: LTE scaled extended CP is supported at least for NR 60kHz SCS in Rel-15
· Revisit and design CP choice from 48, 52, or 49 OFDM symbols in 1 msec if other extended CP(s) have benefits for identified use cases
· The CP type can be semi-static configured with UE-specific signaling
· FFS extended  CP for other numerologies including forward compatible aspects
In RAN1#88b, the following agreements on extended CP have been achieved [2]:

· For 60kHz ECP in the case with WA will be confirmed
· One slot consists of 6 or 12 OFDM symbols
· If down selection of NCP will be appeared between 7 or 14 OFDM symbols, RAN1 will also apply the down selection of ECP between 6 or 12 OFDM symbols

· NR study DMRS patterns for ECP slot

· NR may support to configure different DM-RS patterns for a UE

This contribution focuses on the discussion on DMRS design on extended CP for 60 kHz subcarrier spacing and corresponding simulation results are given. Then confirm the working assumption of LTE scaled ECP and propose the DMRS pattern for ECP.
2 Discussion and Evaluation
2.1 Discussion on ECP DMRS design

As agreed in the RAN1#87, possible use cases for 60 kHz ECP include URLLC and high speed scenarios. The other scenarios, e.g. multipoint transmission and UL TA-free transmission, should be also considered. The use of extended CP is expected for channels with long delay spread, or equivalently for channels experiencing much more frequency selectivity as compared to channels where normal CP is used.  Consequently, the pilot REs of extended CP in frequency-domain shall be denser than that of normal CP and the channel characteristic should be considered in the DMRS pattern design for extended CP accordingly. 

Refer to the consideration for normal CP in our company contribution [3], the example patterns considered for extended CP are depicted in Figure 1-3, which are used for supporting 2 ports. There are total 3 pattern groups and 2 patterns in each group. For different figures, the design of DMRS patterns within a slot are based on different multiplexing structure such as FDM and TDM to maintain the orthogonality of DMRS across different layers. The difference between patterns in one pattern group lies in the density of the time domain. In one DMRS pattern group, two patterns could be used in different scenarios, e.g. 3 symbols in the time domain within 12 symbols per port may be needed in high speed train scenario as illustrated in (a), 1 symbol in the time domain within 6 symbols per port may be needed in the URLLC scenario as illustrated in (b).  
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	1) TDM Port0/1
	2) Non-staggered FDM Port0/1
	3) Staggered Port0/1


Figure 1 Different options for ECP DMRS pattern

Proposal 1: Considering the diverse use cases, NR should support to configure different ECP DMRS patterns for a UE.
2.2 Evaluation ECP with DMRS for high speed
In this section, impacts of DMRS patterns for high speed case are evaluated with real channel estimation. For control overhead, one or two symbols are possible and one symbol for DL control channel are assumed in the simulation. The use of extended CP is expected for channels with long delay spread, or equivalently for channels experiencing much more frequency selectivity as compared to channels where normal CP is used. Thus, as illustrated in Figure 2-4, two options are preferred, 6 and 12 pilot REs in one PRB in frequency domain. For high speed deployment scenarios, DMRS symbols in time domain should be denser to provide robustness, e.g. 3 symbols within a 0.25ms slot as shown in Figure 2-4, since key characteristic of this scenario is consistent user experience with very high mobility, the channel parameters change fast. Note that the DMRS pattern in Figure 4 with 6 subcarriers in frequency domain refer to the design of NCP DMRS pattern in [3].
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Figure 2  DMRS pattern for high speed (12 symbols a slot)
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 Figure 3  DMRS pattern for high speed (13 symbols a slot)
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 Figure 4 DRMS pattern for high speed (14 symbols a slot)
Based on the above discussion, we take some link level simulations to compare different DMRS patterns for different extended CP length options, detailed link level simulation assumptions can be found in the Appendix, and the simulation results can be seen in the Figure 5.
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 Figure 5 High speed performance with designed DMRS
From the results, it can be seen that under the 1000ns and 300ns desired delay spread, 6 pilot REs both get the better robustness at 500km/h and 4GHz carrier frequency. 60 kHz with 48 symbols performs best under 1000ns desired delay spread, 60 kHz with 56 symbols, i.e. NCP, performs best under 300ns desired delay spread, staggered and non-staggered pattern have the similar performance. 

The CP length of 60 kHz with 48 symbols is about 4.17us and CP overhead is 20%, the CP length of 60 kHz with 52 symbols is about 2.56us and CP overhead is 13.33%, the CP length of 60 kHz NCP is about 1.2us and CP overhead is 6.67%, taking the resource loss in exchange for CP length.  The maximum delay spread for TDL-A channel model with 1000ns desired delay spread is about 9.66us, the maximum delay spread for TDL-A channel model with 300ns desired delay spread is about 2.9us. As the CP is used to combat the impact of multiple paths, the longer delay spread and larger MCS, the more gain can be achieved based on the ECP. 

Observation 1: 60 kHz with 48 symbols provides better performance than 60 kHz with 52 symbols in long delay spread deployment scenarios for high speed with DMRS and real channel estimation.
Proposal 2: Confirm the working assumption that 60 kHz ECP with 48 symbols per 1ms scaled from LTE ECP is supported.
3 Conclusions
Observation 1: 60 kHz with 48 symbols provides better performance than 60 kHz with 52 symbols in long delay spread deployment scenarios for high speed with DMRS and real channel estimation.
Proposal 1: Considering the diverse use cases, NR should support to configure different ECP DMRS patterns for a UE.

Proposal 2: Confirm the working assumption that 60 kHz ECP with 48 symbols per 1ms scaled from LTE ECP is supported.
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Appendix:

Table 1 Parameters assumption for High Speed with DMRS
	Parameters
	Value

	Carrier frequency
	4GHz

	System bandwidth
	20MHz

	UE bandwidth
	5760kHz

	Control overhead
	1 symbol per slot

	Coding
	3GPP Turbo LTE

	Tx mode
	1T1R/2T2R

	MCS
	64QAM: 0.69 for 60 kHz, 52symbols
64QAM: 0.75 for 60 kHz, 48symbols

64QAM: 0.63 for 60 kHz, 56symbols

	channel model
	TDL in TR 38.900

	UE speed
	500km/h

	Channel estimation
	Real


