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1 Introduction
This contribution discusses the PRG size defined in current LTE specification. It can be observed that current PRG size definition impacts the DMRS channel estimation performance, especially for UEs in low SNR area. A wideband PRG size can improve downlink performance for low-SNR UEs. 
2 Discussion
In 3GPP TS 36.213, the size of PRG is dependent on system bandwidth as 
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When UE is in TM9/10 and RI/PMI reporting is configured, UE shall assume the precoding granularity is P’ resource blocks in the frequency domain. Such definition has the benefit of allowing flexible MU operation on subband level, e.g., one UE can be paired with different UE on different subband. As a result, UE has to estimate the channel in frequency domain using DMRS within each P’ resource blocks. Compared with channel estimation on CRS, DMRS based channel estimation suffers from worse performance due to less number of DMRS symbols in frequency for filtering. This issue is essential when UE is in low SINR area. In this scenario, the benefit of allowing flexible MU operation will disappear since SU is the typical use case. And, the channel estimation accuracy would dominate the receiver performance.
To address this issue, one simple way is to introduce a higher layer parameter to indicate wideband as the PRG size. In the followings, the performance gain and channel estimation complexity were discussed.

· Performance evaluation
In our last submitted contributions [1], the link level simulation was provided, where the downlink user throughput at low SNR area was significantly increased, i.e., about 10%~20% gain over 2RBs PRG, when PRG size of wideband is applied.
The system level simulation was also performed. In the simulation, the wideband PRG size is evaluated under UMa/UMi channel model and burst traffic with 100KB packet size. TM10 SU-MIMO with rank adaptation is used. The baseline is the PRG size of 2RB. The detailed simulation assumptions are listed in the Appendix. The simulation results are illustrated in Figure 1.
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a. Performance comparison in the case of UMa channel model.
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b. Performance comparison in the case of UMi channel model.
Figure1: Performance gain of PRG with size of system bandwidth over 2PRBs PRG size
From the simulation results, it can be observed that wideband PRG size can have 5%~8% gain of cell edge UPT for light downlink traffic load, and have about 12% gain of cell edge UPT for relative high traffic load.

Observation1: In UMa and UMi channel mode with 40% RU, wideband PRG size has 5%~8% performance gain over 2RB PRG size for cell edge UPT; For the case of 80% RU, wideband PRG size has about 12% performance gain for cell edge UPT.
· Complexity analysis
One concern about this wideband PRG is the channel estimation complexity. Here we would like to point out that wideband PRG is used to indicate that UE can assume one precoder is applied for whole bandwidth. It does not mandate UE’s channel estimation method. Of cause UE can take advantage of this property to improve channel estimation performance by some way. For example, with MMSE filter UE can perform channel estimation using DMRS on adjacent M PRBs. Sliding the filter window along the frequency domain, the channel can be estimated with slightly increased complexity. Here the value M can be the tradeoff between channel estimation performance and implementation complexity. Compared with channel estimation with legacy PRG size, i.e., 2 or 3RBs depending on system bandwidth, this method can effectively overcome the issue of bad estimation performance on PRG edge REs.  

In NR, wideband PRG size is supported as well. Some UEs may perform DFT or DCT based channel estimation. In LTE, the DMRS of TM9 and TM10 is uneven in the frequency domain, the conventional methods applying DFT or DCT transformation may not work. However, if the DFT/DCT based channel estimation are still preferred, the following subsampled IDFT/DCT can be applied. Although the DMRS in the frequency are uneven, we can divide those DMRS into 3 groups, where each group contains even distributed DMRS. Figure 2 illustrates the subsampled IDFT. 
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Figure 2 Example of subsampled IDFT

The channel estimation steps can be summarized as following:

Step1: each DMRS group can perform IDFT transformation to get [image: image10.png]
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. 
Step2: after compensation of phase[image: image14.png]
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, which are the phase shifts between the first DMRS group and the second, third groups, the channel estimates can be combined by 
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where [image: image20.png]o
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 depend on the interval between adjacent DMRS REs.
Step3: perform noise removing and DFT transformation with proper scalar as conventional algorithm

Compared with evenly distributed DMRS, the above DFT based algorithm performs 3 small size IDFT instead of a long DFT. The channel estimation complexity is compatible with channel estimation based on evenly distributed DMRS.

Observation2: With proper channel estimation algorithm, channel estimation for uneven DMRS distribution has comparable complexity as that for even DMRS distribution.  
Based on the above discussion, we observe with the indication of wideband PRG size, UE can effectively improve channel estimation performance with acceptable implementation complexity. Hence we have the following proposal
Proposal: Introduce higher layer parameter sizeOfSchedResourceBlocks to indicate whether the PRG size is the whole scheduled bandwidth.
3 Conclusions

This contribution evaluate the impact of PRG size on the TM9/10 performance. We have the following observations

Observation1: In UMa and UMi channel mode with 40% RU, wideband PRG size has 5%~8% performance gain over 2RB PRG size for cell edge UPT; For the case of 80% RU, wideband PRG size has about 12% performance gain for cell edge UPT.

Observation2: With proper channel estimation algorithm, channel estimation for uneven DMRS distribution has comparable complexity as that for even DMRS distribution.  

Hence we have the following proposal 
Proposal: Introduce higher layer parameter sizeOfSchedResourceBlocks to indicate whether the PRG size is the whole scheduled bandwidth.
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Appendix

Simulation parameters
	Parameters
	Values

	Duplex mode 
	FDD

	Carrier frequency 
	2GHz

	Simulation bandwidth
	10MHz

	Channel model
	3GPP UMa; DS: 0.841us
3GPP UMi; DS: 0.294us

	BS Tx power 
	46dBm; 41dBm

	BS antenna configuration
	(M, N, P, Mg, Ng) = (8, 4, 2, 1, 1); (dH,dV) = (0.8, 0.5)λ

	BS TXRU mapping
	(MTXRU, NTXRU, P, Mg, Ng) = (1, 4, 2, 1, 1)

	UE antenna configurations 
	2Rx, Cross-polarized with 0, 90deg

	UE antenna height
	Follow TR36.873

	UE antenna gain
	Follow TR36.873

	UE receiver noise figure
	7 dB

	Traffic model
	Non-Full buffer, FTP model 1, 100KB packet size, 40% and 70% RU

	UE distribution
	80% Indoor

20% Outdoor

	Scheduler
	PF

	HARQ scheme
	CC with up to 3 retransmissions

	UE receiver type
	MMSE-IRC

	Feedback assumption
	Realistic, PUSCH3-1

	Channel estimation
	Realistic

	MIMO mode
	SU-MIMO with rank adaptation


Frequency domain





Time domain





The 1st DMRS group





The 2nd DMRS group





The 3rd DMRS group
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