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1	Introduction
At RAN1#934, a proposal to introduce a configurable wideband PRG size for LTE’s TM9 and TM10 was presented discussed and it was decided to further study the benefit of the proposal on system level[1]. In this paper, we discuss this proposal and present some both link and system level simulation results.
[bookmark: _Ref178064866]2	Discussion and evaluation results
LTE features a fixed PRG size which depends on the system bandwidth but varies between 1 and 3 PRBs. The motivation for defining the PRG size is to provide an assumption to the UE regarding on which PRBs the precoding on DMRS is constant, so that it can apply channel filtering across those PRBs without having to worry about phase discontinuities which would degrade the channel estimation performance. A small PRG size allows for more frequency-selective precoding which is useful especially for MU-MIMO, but on the other hand give less DMRS processing gain since the channel estimation have a smaller number of reference symbols to average over. So, the optimal PRG size is a trade-off between the gain of frequency-selective precoding and the DMRS processing gain. However, the amount of achievable processing gain also depends on the frequency-selectivity of the channel, which is determined by its delay spread. A sufficiently low delay spread is required to fully utilize the benefit of larger PRG size.
In some cases, such as when the UE is on the cell edge has a low SINR, it may neither have sufficient UL coverage to transmit SRS to be used for reciprocity-based MU-MIMO transmission, nor have enough coverage to feed back a subband CSI report, and hence the optimal precoding strategy may be to use a wideband precoder. In that case, the DMRS channel estimation is likely also challenged and the UE would benefit from additional processing gain. Thus, in this case it could be beneficial for the UE to be configured with a wideband PRG size instead of using the legacy narrow PRG.
2.1 Link level simulation results
To evaluate the benefit of increasing the PRG size, link level simulations are performed using the CDL-A channel model with either 100ns or 300ns delay spread. An LTE TM10 system with 20MHz bandwidth is evaluated, using 16Tx and 2Rx and where the precoding is based on wideband PMI feedback using the Rel-13 Class A codebook, i.e. wideband precoding is used. The legacy PRG size of 2 PRBs is compared to a PRG size consisting of the entire scheduled bandwidth (i.e. 100 PRBs). For the 2 PRB PRG size case, a Weiner filter based DMRS channel estimator is used while for the wideband PRG size, a DCT based channel estimator is used. The relative throughput gain is presented in Figure 1. For the 100 ns DS case, around ~10% throughput gain is observed in the low SNR region (around -5dB) while the gain saturates with higher SNR. For the 300 ns DS case though, there is essentially no difference in performance between the evaluated systems.
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[bookmark: _Ref521681633]Figure 1: Relative gain of wideband PRG size over legacy PRG size

[bookmark: _Toc525919228]In LLS, Ffor low delay spread scenario, ~10% throughput gain is observed at low SNR range, while for moderate delay spread scenario, no throughput gain is observed

From the presented simulations, it can be observed that there is some benefit with wideband PRG size for UEs in the low SNR range which also experience a low delay spread. However, in typical macro cell propagation environments, it is highly likely that UEs which experience low SINR (such as UEs on the cell edge or deep indoor UEs) also experience channels with a moderate to high delay spread. Thus, it is not obvious that the combination of low SNR and low delay spread UEs make up a sufficiently large part of the served UEs in a cell so that a performance gain can be observed on system level. 
2.2 System level simulation results
To evaluate the performance on system level, we perform SLS using 8Tx SU-MIMO in 3GPP 3D Uma. The DMRS channel estimation error and MMSE filter bias is estimated using a simplified model based on the PRG size and channel estimation filter bias. Four systems are compared:
1. PUSCH 3-1 feedback with 2 PRB PRG and 240kHz DMRS ch. Est. filter BW (Legacy)
2. PUSCH 3-2 feedback with 2 PRB PRG and 240kHz DMRS ch. Est. filter BW (Legacy)
3. PUSCH 3-1 feedback Wideband PRG and 600 kHz filter BW (Possible enhancement)
4. PUSCH 3-2 with ideal DMRS channel estimation (Upper bound)

Remaining evaluation results are presented in the Appendix while the performance is given in Table 1. As seen, the wideband PRG seems to improve the channel estimation performance so that it results in a net throughput increase of 10% mean user throughput, compared to the legacy PRG size. However, only a 4% mean throughput gain is observed compared to 3-2 feedback. 
Table 1: SLS evaluation results
	Scheme
	Cell edge throughput [bps/Hz/user]
	Normalised User Throughput [bps/Hz/user]
	Cell edge gain [%]
	Normalized user throughput gain [%]

	3-1 Legacy PRG
	0.39993
	2.1244
	0
	0

	3-2 Legacy PRG
	0.46488
	2.2441
	16
	6

	3-1 Wideband PRG
	0.50772
	2.3348
	27
	10

	3-2 Ideal chest
	0.56821
	2.4491
	42
	15


 
[bookmark: _Toc525919229]In SLS, PUSCH 3-1 feedback with wideband PRG result in 11% cell edge gain and 4% mean user throughput gain compared to PUSCH 3-2 feedback and 2 PRB PRG
Based on the evaluation results, there does indeed seem to be some benefit with introducing wideband PRG size. However, the question is whether these gains are large enough to warrant introduction of the feature under TEI-16.We therefore propose that system level evaluations should be performed in order to determine if a configurable wideband PRG size should be considered for introduction in LTE
It is not clear that the that the combination of low SNR and low delay spread UEs make up a sufficiently large part of the served UEs in a cell so that a performance gain can be observed on system level with wideband PRG size
[bookmark: _Toc521683925]Decide if wideband PRG size needs to be introduced or not based on system level evaluations
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Conclusion
In the previous sections we made the following observations: 
Observation 1	For low delay spread scenario, ~10% throughput gain is observed at low SNR range, while for moderate delay spread scenario, no throughput gain is observed
Observation 2	PUSCH 3-1 feedback with wideband PRG result in 11% cell edge gain and 4% mean user throughput gain compared to PUSCH 3-2 feedback and 2 PRB PRG
Observation 1	For low delay spread scenario, ~10% throughput gain is observed at low SNR range, while for moderate delay spread scenario, no throughput gain is observed
Observation 2	It is not clear that the that the combination of low SNR and low delay spread UEs make up a sufficiently large part of the served UEs in a cell so that a performance gain can be observed on system level with wideband PRG size

Based on the discussion in the previous sections we propose the following:
Proposal 1	Decide if wideband PRG size needs to be introduced or not based on system level evaluations
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Appendix
	Simulation assumptions

	Parameters
	Values

	Scenario
	UMa with 500 ISD, and 2GHz frequency carrier

	Antenna on eNB
	eNB: 8Tx, X-polarized: 45/-45 degrees

	UE
	UE: 2Rx at UE with 0.5 lamda spacing; X-polarized: 0/+90 degrees

	
	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port0

	
	UE distribution: 80% indoor and 20% outdoor only distributed on Floor

	System Bandwidth
	10MHz (50RBs)

	Scheduler
	PF

	Traffic Model
	Non-full buffer, 100kB packet size, 50% RU

	Transmit Mode
	TM10

	
	SU-MIMO with dynamic rank adaptation

	Receiver
	non-ideal DMRS channel estimation

	
	[bookmark: RANGE!C21]non-ideal interference modeling

	
	MMSE-IRC receiver

	HARQ
	Maximum 5 transmissions

	Feedback
	PUSCH 3-1 or PUSCH 3-2

	
	CQI and PMI reporting triggered per 5ms

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DMRS with 12 REs per RB

	Hnadover margin
	[bookmark: RANGE!C27]3dB
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