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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At last RAN1#93 meeting, a discussion paper [1] was presented to discuss the enhancement on PRG size. The motivation was to improve channel estimation performance, especially when UE is localized in low SNR area. In this contribution, we revisit this issue, and provide a simple solution.  
Discussion
In 3GPP TS 36.213, the size of PRG is dependent on system bandwidth as 
	
System Bandwidth ()
	
PRG Size () 
(PRBs)

	≤10
	1

	11 – 26
	2

	27 – 63
	3

	64 – 110
	2



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 merit of allowing flexible MU operation, e.g., one UE can be paired with different UE on different PRGs. However 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 localized in low SINR area. In this scenario, the merit of allowing flexible MU operation will disappear since SU is the typical use case. And, the channel estimation accuracy may dominate the receiver performance.
A link level simulation is performed to investigate the performance. In this simulation, the system bandwidth is 20Mhz, and UE is scheduled to transmit PDSCH on the entire bandwidth. The channel model is 3GPP Urban Macro. PRG size of 2 RBs is as the baseline. The performance gain is shown in Figure1 when the PRG size is set to the entire system bandwidth. One wideband precoder is applied on scheduled PDSCH for both 2-RB PRG size and system-bandwidth PRG size.  

Figure1: Performance gain of PRG with size of system bandwidth over 2PRBs PRG size when wideband precoder is applied
From the simulation results, we observed when UE is in the SNR area of below 10dB, PRG size of entire system bandwidth has better performance than current PRG size definition. Particularly, the performance gain is around 8%~20% when SNR range is -5dB ~2dB, which is the typical working SNR area of cell edge UEs.   
One argument is that because wideband preocoder is applied, certainly PRG size of the entire system bandwidth has better performance, and when subband precoder is used, the situation may be different. However, we believe that wideband precoder and large PRG size is the typical configuration for cell edge UEs. To confirm it, we also run the simulations, where the performance is compared between PRG size of system bandwidth when applying wideband precoder and 2PRBs PRG size when applying subband precoder. The simulation result is shown in Figure2.

Figure2: Performance gain of PRG size of system bandwidth when applying wideband precoder over 2PRBs PRG size when applying subband precoder
From Figure2 we observed that when subband precoder is applied on PDSCH, small PRG size has better performance than large PRG size with wideband precoder in relative high SNR area. However when SNR range is -5dB ~5dB, PRG size of system bandwidth shows better performance.
Actually, this issue had also been identified in NR Rel-15 work. At last, the PRG size can be equal to one of the values among {2, 4, wideband}. Moreover, if the higher layer parameter prb-BundlingType is set to 'dynamic', the PRG size can be dynamic indicated by DCI. This mechanism is much flexible, however at the cost of additional bits in DCI, which is not preferred for LTE. We think the change of PRG size via RRC signaling is sufficient for LTE. From the simulation we observe that at least the ‘wideband’ PRG size should be supported. We believe it would benefit cell edge performance for TM9 and TM10. On the other hand, the CSI reporting has the granularity of subband, which can be 4/6/8 PRBs depending on system bandwidth. We propose to also consider ‘subband’ as the other PRG size, which makes a tradeoff between channel estimation performance and the flexibility of MU paring.
Based on the discussion above we propose
[bookmark: _Ref129681832]Proposal 1:  PRG size can be configured to be whole scheduled bandwidth by higher layer.
Proposal 2: Consider to also support ‘subband’ as the PRG size, where the subband size equals to that for CSI reporting. 

Conclusions
This contribution evaluate the impact of PRG size on the TM9/10 performance. We found the PRG size of whole scheduled bandwidth has significant performance gain over legacy PRG size in low SNR area. Hence we have the following proposal
Proposal 1:  PRG size can be configured to be whole scheduled bandwidth by higher layer.
Proposal 2: Consider to also support ‘subband’ as the PRG size, where the subband size equals to that for CSI reporting. 
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