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Discussion
1 Introduction
The agreements related to the reference signal design from the previous meeting [1] are summarized in TABLE 1.
                                    TABLE 1

	Agreement:
· The number of subcarriers per PRB is 12

	Agreements:
· For SCS of up to 60kHz with NCP, y = 7 and 14
· FFS: whether/which to down select for certain SCS(s)
· For SCS of higher than 60kHz with NCP, y = 14

	Agreements:
· From Phase 1, physical layer design should support an extended CP

· Extended CP will be only one in given subcarrier spacing

· FFS: Exact for the services/scenarios for extended CP

	Agreements:
· Slot aggregation is supported

· Data transmission can be scheduled to span one or multiple slots

	Working assumptions:
· The NR frame structure should support both slots and mini-slots

· FFS: Timeline granularity for monitoring control of the mini-slot
· FFS: Terminologies of mini-slot

	Agreements:
· At least for DL, study PRB bundling with configurable PRG sizes, at least including following aspects

· The size of PRG may or may not be fixed

· The size of PRG may or may not be system bandwidth dependent 

· PRG may consist of all scheduled PRBs

	Agreements:
· At least the following RSs are supported for NR downlink

· CSI-RS: Reference signal with main functionalities of CSI acquisition, beam management
· FFS: RRM measurement 

· DM-RS: Reference signal with main functionalities of data and control demodulation
· FFS: channel state information estimation and interference estimation

· FFS: beam management

· Reference signal for phase tracking
· FFS: Whether DM-RS extension can be applied or not

· FFS whether new RS or RS for other functionalities can be used
· Reference signal for time/freq. tracking
· FFS whether new RS or RS for other functionalities can be used
· Reference signal for Radio link monitoring

· FFS whether new RS or RS for other functionalities can be used

· RS for RRM measurement

· FFS whether new RS or RS for other functionalities can be used

	Agreements:
· Study variable/configurable DL/UL RS pattern for demodulation 

· For data channel and control channel
· At least density can be configurable

· FFS: other configurability

· The applicable scenarios need to be studied

· Study multi-set DL/UL RS for control and/or data demodulation 

· The first set is front-loaded (i.e. loaded in the front of RB) 

· Other set(s) can be configured for different purposes

· Details FFS (e.g. higher frequency/time density, Rx beam detection, RSRP/CSI-reporting, phase noise compensation)


The operations of the PRB bundling and the slot aggregation may allow the UE to perform the channel estimation by using more reference signals. It is also subject to the network configuration. As such, the RS design should be based on the basic scheduling unit, namely in a slot or in a mini-slot, and the corresponding performance should be evaluated by performing the channel and the noise estimation therein. In this contribution, we first consider the case of 14 symbols per slot. Then the problem has become how to allocate the RS inside the 12x14 grids.   
The intention to remove CRS in the NR is due to the system level gain from the significant CRS interference reduction and the code rate reduction. Let’s anticipate that if the CRS based transmission mode is no longer supported in the NR, the UE specific transmission mode needs to be designed to cover all the scenarios, from low mobility to high mobility. In LTE, the TM3 is a popular mode for the high speed scenario, and TM9/TM10 are targeted on the low mobility. 
2 Analysis
The RS for the control channel and the data channel are separately considered in this contribution. It is also assumed that the control channel has occupied the first two symbols. For the data channel the front-loaded RS is then placed from the symbol 2. In LTE, the RS pattern for the special subframe is actually front-loaded. We treat this as the starting point for the normal subframe in the NR, and the modification is made for the necessary reasons.
Fig. 1 shows the RS pattern in LTE for the special subframe configuration 3, 4 8 and 9. In Fig. 2 the revised version is proposed for the NR. The UE specific RS in Fig. 1 and Fig. 2 have the same locations. In Fig. 2, the additional 8 CSI-RS ports are added at symbol 12 and 13, so that the number of RE is still 40 for the CSI-RS, which is the same as that for the normal subframe in LTE.
The structure of the UE-specific RS in Fig. 2 is CDM in time. After the dispreading, the number of RS is 2 for performing the channel interpolation. It could be quite challenging on the channel estimation performance under the high Doppler scenario.
In LTE, the ETU with Doppler spread 600Hz is studied for the non-SFN high speed scenario [2]. The maximum Doppler shift of 875Hz, due to the carrier frequency at 2.7GHz and the speed of 350 km/hr, is also studied for the bi-directional SFN scenario [2]. When considering the higher carrier frequency at 4GHz and the higher speed up to 500 km/hr, we also study the performance under the Doppler spread of 1200Hz and 1800Hz.
In Fig. 3 and Fig. 4, the third set of RS is allocated at symbol 12 and 13. In this way the orthogonal layer number can reach 12 when there are 6 RS along the time or the frequency direction. The spreading sequence needs to be re-designed, for example, by using FFT vector of length 6. 

One main reason to consider three sets in the scheduling unit is to facilitate the UE implementation. The receiver performs the channel estimation by applying the most appropriate channel filter for interpolation, according to the estimated Doppler spread and the delay spread. It is very challenging to estimate the Doppler spread by the two-set RS configuration.
The structure of CDM in frequency is shown in Fig. 4. There are four sets in Fig. 5. Note that when the RS density is increased, the available RE for the data is reduced, thereby increasing the code rate. 
The simulation is conducted to compare the performance between the RS structure in Fig. 2, 3, 4 and 5. The simulation parameters are summarized in TABLE 2. From Fig. 6 to Fig 11 the results under different channel conditions are presented. The TM3 result is also provided as the benchmark. The TM3 has same code rate as the TM9 with two-set RS. It is seen that the TM3 has the best performance in each figure, due to the fact that the cross-subframe channel estimation is conducted.
From these results we have, the three-set RS configuration can provide the better link level performance than the two-set and four-set configurations. It means, the improved channel estimation quality can compensate the loss of code rate when the comparison is between the two-set and three-set configurations. However, the further loss of code rate by the four-set configuration can’t be covered by the channel estimation improvement. 
The CDM in frequency structure also shows better performance than the CDM in time structure for high mobility. And for the large delay spread scenario, the performance difference between CDM in time and CDM in frequency is quite insignificant. 
Based on the above, our preference is to apply the three-set RS configuration with CDM in frequency structure, as shown in Fig. 4.
TABLE 2, simulation parameters
	Bandwidth 
	40MHz  ( 50 PRB )

	Subcarrier spacing
	60KHz

	Symbol number per scheduling unit
	14

	MIMO configuration
	2x2, 2 layers

	Modulation scheme
	Fix to MCS 14

	Code rate for two-set DMRS
	0.492 (12984 / (6600x 4) )

	Code rate for three-set DMRS
	0.515 (12984 / (6300x 4) )

	Code rate for four-set DMRS
	0.541 (12984 / (6000x 4) )

	Code rate for TM3 

(for benchmarking)
	0.492 (12984 / (6600x 4) )

	Notes:
	1, The RE for the shared RS is all used for the data in the simulation
2, the time/freq tracking is not performed

3, real CE

4, apply LD-CDD to TM9
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Fig. 1, DMRS and CSI-RS location for LTE special subframe configuration 3,4,8, 9
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Fig. 2, the two-set DMRS for the NR. CDM in time
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Fig. 3, the three-set DMRS for the NR. CDM in time
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Fig. 4, the three-set DMRS for the NR. CDM in frequency
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Fig. 5, the four-set DMRS for the NR. CDM in time
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Fig. 6, AWGN
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Fig. 7, RMS delay = 247.7ns, Doppler = 20Hz
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Fig. 8, RMS delay = 10.8ns, Doppler = 300Hz
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Fig. 9, RMS delay = 10.8ns, Doppler = 1200Hz
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Fig. 10, RMS delay = 10.8ns, Doppler = 1800Hz
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Fig. 11, RMS delay = 247.7ns, Doppler = 1800Hz
3 Conclusion

Finally we have,

Observation 1: If the CRS based transmission mode is no longer supported in the NR, the UE specific transmission mode needs to be designed to cover all the scenarios, from low mobility to high mobility

Observation 2: In LTE, the ETU with Doppler spread 600Hz is studied under the non-SFN high speed scenario [2]. The Doppler shift of 875Hz, due to the carrier frequency at 2.7GHz and the speed of 350 km/hr, is also studied under the bi-directional SFN scenario [2]. When considering the higher carrier frequency at 4GHz and the higher speed up to 500 km/hr, the Doppler spread of 1200Hz and 1800Hz should be studied

Observation 3: The receiver performs the channel estimation by applying the most appropriate channel filter for interpolation, according to the estimated Doppler spread and the delay spread. It is very challenging to estimate the Doppler spread by the two-set RS configuration

Observation 4: For the three-set RS configuration, the orthogonal layer number can reach 12 when there are 6 RS along the time or the frequency direction. The spreading sequence needs to be re-designed, for example, by using FFT vector of length 6
Observation 5: The three-set RS configuration can provide the better link level performance than the two-set and four-set configurations. It means, the improved channel estimation quality can compensate the loss of code rate when the comparison is between the two-set and three-set configurations. However, the further loss of code rate by the four-set configuration can’t be covered by the channel estimation improvement 

Proposal 1: Take the three-set RS configuration, together with CDM in frequency structure for the normal CP case
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