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Discussion
1 Introduction
One of the agreements from previous meeting states that,

Agreements:
· For the design of front-loaded DMRS, Alt. 1 is agreed as a working assumption.
· Alt. 1: Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols.
· FFS: Further down-selection between 1 and 2, if necessary
· Companies are encouraged to propose further details
· Companies are encouraged to provide comparison between Alt. 1 and Alt. 2.
· Alt. 2: Design in R1-1700352 (Front-loaded DMRS is mapped over 3 or 4 adjacent OFDM symbols).
· Additional DMRS can be configured for the later part of the slot.
· FFS: Density reduction compared to front-loaded DMRS
· DMRS configuration can be up to the max. number of DMRS ports.
· Note: DMRS design should take into account channel estimation accuracy for low-to-high SINR scenario, throughput performance for SU and MU-MIMO, DMRS overhead, receiver complexity, receiver implementation, support of the use cases/features, UL/DL symmetry, etc.
· FFS: Relative timing relationship between front-loaded DMRS and NR-PDSCH
· Option 1: The first symbol of front-loaded DM-RS is fixed regardless of the first symbol of NR-PDSCH.
· Option 2: The first symbol of front-loaded DM-RS is no later than the first symbol of NR-PDSCH.
The 2-set (look) DMRS pattern should be the baseline for the slot with 14 symbols (non-self-contained operation). The pattern with 3 sets, or even with 4 sets may rely on the scenario. The number of sets in a slot will also impact the allocation of other reference signals, such as CSI-RS, and the RS for time/frequency tracking.
In this contribution, the allocation of the second set is discussed. The applicability of the third set is also analysed.
2 Analysis
A number of companies have considered the second set to be allocated at symbol 9 for the 14-symbol slot. In this way, the DMRS location can be aligned with the 7-symbol slot. The performance may be suffered at high Doppler scenario due to the channel estimation by extrapolation on 4 OFDM symbols (symbol 10~13).
Let’s consider the second set to be placed at symbol 11. The symbol number on performing extrapolation is reduced to 2. From our analysis the receiver still has enough time to perform channel estimation on all the data REs before the last symbol is received. As such DMRS based channel estimation is not the critical path from the hardware implementation point of view, and also the storage buffer can be saved.
We down-select three companies’ proposals for further evaluation, as shown in Fig. 1 to Fig. 5, Fig. 6 to Fig. 8, and Fig. 9 to Fig. 11. Each proposal has the second set to be at symbol 9 and 11 to analyse the performance gap. The 3-set and 4-set structures are also considered.
Two companies’ proposals are equally spaced among contiguous PRBs in frequency domain, as shown in Fig. 6 to Fig. 8, and Fig. 9 to Fig. 11. The other one considers the performance of per-PRB based channel estimation, so that it is of non-equally spaced structure as shown in Fig. 1 to Fig. 5.
The diversity gain can be observed from the distributive type resource allocation. The contiguous-PRB based channel estimation can improve the estimation quality when the contiguous type resource allocation is applied. The per-PRB based channel estimation should be considered as the baseline. 

Fig. 7 and Fig. 8 show the performance comparison on Doppler= 1850Hz and SCS=60KHz. Looking at 0.7 and 0.9 of the normalized throughput, it is around 2dB improvement by simply moving the second set from symbol 9 to symbol 11. General speaking, based on the simulation results we have, the second set at symbol 11 can provide 0.5dB~ 2dB gain over that at symbol 9.
The 3-set patterns can further improve one more dB as compared to the 2-set patterns for the high speed train scenario. The improvement of more than 2dB at the normalized throughput 0.9 is shown in Fig. 15 and 16, where MCS=23 with speed 120km/hr (high way speed) is evaluated. 
In the low SNR case (cell edge), for example MCS=2, there is no significant improvement by using 3-set pattern. Instead of applying more sets, the cell edge enhancement should consider other approaches, for example the implicit power boosting on the reference signal.
We propose to consider the location of the third set to be between the first set (front-loaded) and the second set at symbol 11. Furthermore, it is placed at the second half of the slot (starting from symbol 7). As such it is closer to the last two symbols where the extrapolation is performed. The noise enhancement due to the extrapolation is smaller than that by putting the third set at the first half of the slot. 
The applicability of 4-set pattern is studied in Fig. 17. The results of Doppler=1850Hz and NCP with SCS=30KHz by comparing 2-set, 3-set and 4-set patterns are shown. It is evident that the 4-set pattern is needed to ensure the demodulation performance.
If we look at the practical deployment in high speed train, the UE will receive multiple signals from SFN RRHs which are bi-directional deployed. The common deployment parameters for China operator [1] are 1~1.5Km for Ds and 100m~300m for Dmin. Take Ds=1Km and Dmin=300m for example in Fig. 18, the visible path may appear at the delay of more than 2.5us, as shown in Fig. 19. Then the NCP with SCS=30KHz may suffer ISI due to the signal path outside CP.
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   Pattern 1: M 2 sets@ sym 2,9      Pattern 2: M 2 sets@ sym 2,11    Pattern 3: M 3 sets@ sym
                                                                       2,9,12 (R1-1700175)
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   Pattern 4: M 3 sets@ sym 2,8,11     Pattern 5: M 4 sets@ sym 2,5,8,11
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    Pattern 6: Q 2 sets@ sym 2,11     Pattern 7: Q 3 sets@ sym 2,7,11    Pattern 8: Q 4 sets@ sym

                                                                             2,5,8,11
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    Pattern 9: H 2 sets@ sym 2,9      Pattern 10: H 2 sets @ sym 2,11   Pattern 11: H 3 sets @ sym

                                                                                2,7,11
3 Conclusion
Observation 1: As the second set is allocated at symbol 11, the receiver still has enough time to perform channel estimation on all the data REs before the last symbol is received. As such the DMRS based channel estimation is not the critical path from the hardware implementation point of view, and also the storage buffer can be saved

Observation 2: The second set at symbol 11 can provide 0.5dB~ 2dB gain over that at symbol 9
Observation 3: The 3-set patterns can further improve one more dB as compared to the 2-set patterns for the high speed train scenario. The improvement of more than 2dB is observed from the case of MCS=23 with speed 120km/hr (high way speed), at the normalized throughput 0.9.
Observation 4: In the low SNR case (cell edge), for example MCS=2, there is no significant improvement by using 3-set pattern
Observation 5: The 4-set pattern is needed for operating HST at SCS=30KHz

Observation 6: The NCP with SCS=30KHz may not have enough CP time period for the multipath signal from bi-directional SFN RRH deployment for high speed train

Proposal 1: Consider the second set to be allocated at symbol 11, or at symbol 11 and 12
Proposal 2: The per-PRB based channel estimation should be considered as the baseline
Proposal 3: Instead of applying more sets, the cell edge enhancement should consider other approaches, for example the implicit power boosting on the reference signal

Proposal 4: The location of the third set is between the first set (front-loaded) and the second set at symbol 11. Furthermore, it is placed at the second half of the slot (starting from symbol 7) 

4 Reference
  [1] R4-151094, “Wayforward on high speed train scenarios”, HW, CMCC, Orange, Telecom Italia, ITRI, DoCoMo, China Telecom, Potevio, ATR, Samsung, Feb 2015
5 Simulation curves
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Fig. 1, MCS=2, 2 layers, TDL_A ds=30ns, SCS=15KHz       Fig. 2, MCS=2, 2 layers, TDL_A ds=30ns, SCS=15KHz

     Doppler=110Hz, comparison on two sets                Doppler=110Hz, comparison on three sets
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 Fig. 3, MCS=2, 2 layers, TDL_C ds=300ns, SCS=15KHz       Fig. 4, MCS=2, 2 layers, TDL_C ds=300ns, SCS=15KHz

      Doppler=444Hz, comparison on two sets                Doppler=444Hz, comparison on three sets
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Fig. 5, MCS=5, 2 layers, TDL_C ds=300ns, SCS=15KHz       Fig. 6, MCS=5, 2 layers, TDL_C ds=300ns, SCS=15KHz

     Doppler=444Hz, comparison on two sets                Doppler=444Hz, comparison on three sets
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Fig. 7, MCS=14, 2 layers, TDL_E ds=30ns, SCS=60KHz       Fig. 8, MCS=14, 2 layers, TDL_E ds=30ns, SCS=60KHz

     Doppler=1850Hz, comparison on two sets                Doppler=1850Hz, comparison on three sets
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Fig. 9, MCS=14, 2 layers, TDL_C ds=300ns, SCS=60KHz       Fig. 10, MCS=14, 2 layers, TDL_C ds=300ns, SCS=60KHz

     Doppler=1850Hz, comparison on two sets                Doppler=1850Hz, comparison on three sets
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Fig. 11, MCS=14, 2 layers, TDL_C ds=300ns, SCS=15KHz     Fig. 12, MCS=14, 2 layers, TDL_C ds=300ns, SCS=15KHz

     Doppler=444Hz, comparison on two sets                Doppler=444Hz, comparison on three sets
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Fig. 13, MCS=14, 2 layers, TDL_C ds=1000ns, SCS=15KHz   Fig. 14, MCS=14, 2 layers, TDL_C ds=1000ns, SCS=15KHz

     Doppler=110Hz, comparison on two sets                Doppler=110Hz, comparison on three sets
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Fig. 15, MCS=23, 2 layers, TDL_C ds=300ns, SCS=15KHz    Fig. 16, MCS=23, 2 layers, TDL_C ds=300ns, SCS=15KHz

     Doppler=444Hz, comparison on two sets                 Doppler=444Hz, comparison on three sets
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Fig. 17, MCS=14, 2 layers, TDL_E ds=30ns, SCS=30KHz    

  Doppler=1850Hz, comparison on two, three and four sets                 
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   Fig. 18, distance of UE to all same-cell-ID RRHs, for checking visible paths (from R4-165823)
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 Fig. 19, the estimated channel profile in time domain at the location shown in Fig. 18. Dumped from the link level

       simulator (from R4-165823)

[image: image31.emf]
