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Introduction
In RAN1 #90 meeting, the following agreements were made:
Agreements: 
· Consider further supporting the bandwidth of TRS to be configured up to the bandwidth of the BWP in addition to ~24, ~50 RBs, and make decision in next meeting


In [1] it was proposed to use the TRS for estimation of power power-delay profile (PDP) and it was also shown that such a choice would drive the band width requirement for TRS way beyond the already agreed bandwidths of 24 and 50 RBs. It was shown by simulations that very high bandwidth of the TRS was needed to reach peak data rates at very high SNRs.  
In this contribution, we provide evaluation results comparing DMRS and TRS based PDP estimation. We also show that the PDP could be estimated using DMRS on the current slot, or previous slots, with excellent performance. Thus, we claim there is no need to increase the TRS bandwidth beyond ~50 RBs.

Discussion
In this section, we provide evaluations for PDSCH demodulation performance and compare performance between  TRS based, and  DMRS based, PDP estimation,  Specifically, we consider an DMRS and PDSCH configuration as described in Figure 1. The TRS burst was configures using symbol index (5,8,13) in the first slot and (13) in the second slot. 
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[bookmark: _Ref494723256]Figure 1 PDSCH configuration. DMRS pattern (blue) and data (grey)

In first set of simulations, we start by setting the BW of PDSCH to be 168RBs, i.e., ~60MHz BW at 30KHz SCS, see Figure 2-5. The TRS BW was set to 24RBs, 50RBs, 84 RBs, and the same BW as PDSCH, respectively. 
The channel model was TDL-A with 300 ns rms delay spread and the vehicular speed was 3km/h. The carrier frequency was 4 GHz.  
In second set of simulations, we set the BW of PDSCH to be 84RBs, i.e., ~30MHz BW at 30KHz SCS, see Figure 6-8. The TRS BW was set to 24RBs, 50RBs, and the same BW as PDSCH, respectively.
A single PRG was applied for PDSCH (i.e. PRB bundling Case 2) and a wide-band channel estimation is used for DMRS. To compare performance of TRS and DMRS based PDP estimation, channel estimation takes the PDP estimation from TRS, or from the DMRS, as input. Furthermore, we also compare performance with ideal channel estimation, and realistic channel estimation using ideal PDP information. The PDP estimation is performed without any filtering across TRS burst. To isolate out the effect of TRS BW, we adopted genie delay, frequency synchronization, and Doppler spread estimation without introducing any drift modelling in the simulator, in which case the periodicity should not matter.
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Figure 2 PDCCH throughput, comparing TRS based and DMRS based PDP estimation. B=24 RBS and PDSCH BW = 168RBs.
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Figure 3 PDCCH throughput, comparing TRS based and DMRS based PDP estimation. B=50 RBS and PDSCH BW = 168RBs.
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Figure 4 PDCCH throughput, comparing TRS based and DMRS based PDP estimation. B=84 RBS and PDSCH BW = 168RBs.
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Figure 5 PDCCH throughput, comparing TRS based and DMRS based PDP estimation. B=168 RBS and PDSCH BW = 168RBs.
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Figure 6 PDCCH throughput, comparing TRS based and DMRS based PDP estimation. B=24 RBS and PDSCH BW = 84RBs.
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Figure 7 PDCCH throughput, comparing TRS based and DMRS based PDP estimation. B=50 RBS and PDSCH BW = 84RBs.
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Figure 8 PDCCH throughput, comparing TRS based and DMRS based PDP estimation. B=84 RBS and PDSCH BW = 84RBs.
From Figure 2-8 clear that TRS-based PDP estimation is worse than DMRS-based PDP estimation in terms of PDSCH throughput. There are several reasons for this, one is that that DMRS is allocated twice as frequent in the frequency domain as TRS, i.e. higher frequency density. 
Also, the DMRS bandwidth is always equal to the PDSCH bandwidth. Finally, the fact that TRS and PDSCH are not necessary co-located, could cause the momentarily delay spread measured the TRS to be different from the momentarily delay spread measured on the DMRS due to fading. For example, the TRS is transmitted in a wide beam that covers the whole served sector, while the PDSCH is beamformed towards the UE and thereby spatial filtering is obtained. Some measurements of the effect on beamforming on delay spread is shown in [2].

1. [bookmark: _Toc494747486]Since TRS and PDSCH are not necessary co-located or transmitted with the same beam width pattern (even if QCL can be assumed), the momentarily delay spread measured on the TRS may be different slightly from the momentarily delay spread measured on the DMRS due to fading. This will only impact performance at high SNR where a relative small difference in delay spread is visible in performance. This problem is avoided by using the DMRS for PDP estimation.
[bookmark: _Toc494747487]The cost, in terms of overhead, of increasing the BW of the TRS is not visible in this type of evaluation (same setup as using in [1]). 
For TRS B = 50 RBs, a significant difference in performance is only observed above SNR=23 dB (Figure 3, B=50 RBS and PDSCH BW = 168RBs).  
[bookmark: _Toc494747488]The DMRS based PDP estimation outperforms TRS based PDP estimation.

[bookmark: _Toc494747489]If processing complexity is a problem, casing an unacceptable delay, then DMRS in previous scheduled PDSCH can be used for PDP estimation 

Conclusions
In this contribution, we made the following observations:
Observation 1	Since TRS and PDSCH are not necessary co-located or transmitted with the same beam width pattern (even if QCL can be assumed), the momentarily delay spread measured on the TRS may be different slightly from the momentarily delay spread measured on the DMRS due to fading. This will only impact performance at high SNR where a relative small difference in delay spread is visible in performance. This problem is avoided by using the DMRS for PDP estimation.
Observation 2	The cost, in terms of overhead, of increasing the BW of the TRS is not visible in this type of evaluation (same setup as using in [1]).
Observation 3	The DMRS based PDP estimation outperforms TRS based PDP estimation.
Observation 4	If processing complexity is a problem, casing an unacceptable delay, then DMRS in previous scheduled PDSCH can be used for PDP estimation
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