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1 Introduction

At RAN1#87 meeting [1], it was agreed that:

· For DL data, support at least a PRB bundling size for precoding equal to a specified value
· FFS whether specified value is system BW dependent
· FFS: Supported values 
· Study further including at least the following:
· FFS PRB bundling size linked to resource allocation granularity (e.g. RBG, etc.)
· FFS whether or not a PRB bundling size equals to all the contiguous scheduled PRBs
· FFS the case of reciprocity based operation
· FFS whether or not a PRB bundling size equals to a configured value(s) irrespective of scheduled PRBs
In this contribution, we provide considerations on the PRB bundling size for DL data precoding. 
2 Discussion
In LTE, PRG (Precoding Resource block Group) was introduced to configure the precoding granularity in the frequency-domain. PRGs partition the system bandwidth and each PRG consists of consecutive PRBs with same precoder. Since no phase discontinuity exists in the effective channel over these PRBs, PRB bundling is allowed. Filtering can be performed over the whole PRG, which can bring about considerable performance gain in DM-RS based channel estimation. PRB bundling sizes and PRG sizes in LTE are system bandwidth dependent. For example, PRG sizes are respectively configured with values of 1, 2, 3, 2 for system bandwidth of 1.4 MHz, 3-5 MHz, 10 MHz, more than 10 MHz. 
But in NR, to cater for a great quantity of deployment scenarios, the fixed bandwidth dependent PRGs are insufficient. In scenario with a quite frequency flat channel, e.g., deployment with many antennas at the transmitter, the channel response varies smoothly, small PRG size may limit channel estimation performance owing to small PRB bundling size. On the contrary, for scenarios with high frequency selective channels, a relatively small PRG size is then needed. Therefore, flexibility is needed in PRG size as well as PRB bundling size in view of variable transmission requirements in NR. In this document we present our views on the configurable PRG size for PRB bundling in NR.

3 Configurable PRB bundling sizes considerations
NR should take several factors into consideration when deciding or configuring PRB bundling sizes as well as PRG sizes. Generally, appropriate determination of PRB bundling size relies at least on the following elements.
First, PRB bundling size should be configured appropriately depending on channel characteristics such as frequency selectivity. As mentioned above, PRB bundling eliminates the negative impact of extrapolation on channel estimation at the PRB boundary, thus a larger bundling size can be configured in scenarios with flat channels. However, in the channels with high frequency selectivity, if the PRB-bundling size is greater than the coherent bandwidth, it will degrade the performance in terms of channel estimation. For this reason, PRB bundling size in NR needs to be configured appropriately according to channel conditions and use cases.

Second, PRB bundling size can be designed appropriately considering different DM-RS design. DM-RS pattern has not been determined to now, but it is agreed that at least DM-RS pattern can be configurable in RAN1 #87 meeting. With performance gain in channel estimation, PRB bundling can compensate for the performance deterioration result from low DM-RS density. The expected DM-RS density in frequency is dependent on the channel condition; thus the positive effect of PRB bundling can be regarded as a system design component.

Third, some other aspects of system design should also be considered when configuring appropriate PRB bundling size. To avoid the discontinuity of the effective channel result from the change of the sub-band precoding matrix, the determination of PRB bundling size should consider system design of sub-band precoding. Another aspect of the system design to be considered is complexity at UE, complexity of filtering over a large size or filtering over small size but many times should be well considered. Therefore, the subband size, UE’s implementation complexity and efficiency also should be considered in PRB bundling.
Besides, unlike LTE, PRB bundling size as well as PRG size in NR should be UE-specific, rather than simply employing same system bandwidth dependent PRB bundling size for all UEs. For example, in NR, UEs may be configured in many different deployment scenarios, e.g., different carrier frequencies, numerologies and bandwidth. Therefore it is advantageous for NR to make the PRB bundling size as well as PRG size dependent on the UE’s configurations, rather than system bandwidth.
Based on the above analysis, we propose that the PRG size for PRB bundling should be configurable by considering:

· Different use cases with channel characteristics such as frequency selectivity
· Different DM-RS patterns with configurable frequency domain densities
· System design aspects including implementation complexity at UE
4 Performance evaluation
The objective of this section is to study the impact of PRB bundling with different PRG sizes on the link-level performance in terms of BLER and throughput. In this section we assume the same value for PRB bundling and PRG.
In the simulations, a SU downlink OFDM system with CDL channel is assumed. It simulated with a carrier frequency of 4GHz and sub-carrier spacing of 15 kHz. The used constellation is 64QAM, and a code rate of 0.667 is used. As mentioned above, frequency selectivity of channel is very important to the determination of PRB bundling size. Therefore, we consider channels with different frequency selectivity in the simulations, for example, low/medium/high delay spread channels are simulated (e.g., channels type CDL-A/B with delays 100/300/1000ns). 
On the other hand, to justify benefit of PRB bundling for low frequency DM-RS pattern, several DM-RS options with different densities in frequency are simulated. e.g., frequency density: 4REs/symbol, 3REs/symbol, 2REs/symbol and 1RE/symbol. These patterns are shown in Figure 1. Besides the aforementioned simulation parameters, more detailed assumptions are given in Appendix.
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       (a)  Frequency density - 4REs/symbol     (b) Frequency density - 3REs/symbol
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     (C)  Frequency density - 2REs/symbol         (d) Frequency density - 1RE/symbol
Fig.1 Patterns with different frequency densities in the simulation
In Figure 2 the resulting system throughputs are shown for different PRG sizes and PRB bundling sizes. As seen from the results, SNR gains are observed in the throughput when appropriate bundling sizes are configured for different channel conditions. From these figures, it can be found that large PRB bundling size is more suitable for quite flat channels, for example, in CDL-B/100ns channel, more channel estimation gain can be obtained with PRB bundling size of 5 or 10. However, in channel with medium or high frequency selectivity, smaller PRB bundling size is preferred, e.g., PRB bundling size of 2 for CDL-B/1000ns channel. 
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(a) CDL-B with 100ns delay                                                                              (b) CDL-B with 300ns delay
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(c) CDL-B with 1000ns delay
Fig.2 Throughputs with different PRB bundling sizes
Figure 3 shows benefits of appropriately configuring PRG sizes as well as PRB bundling sizes in terms of BLER. As seen from these figures, when increasing the bundling size in channels with low delay spread, gains on BLER are achieved, for example, the configuration with PRG size of 10 has the lowest BLER in channel CDL-A/100ns. On the contrary, for scenarios with high frequency selective channels, a relatively large PRG size may induce considerable channel estimation error. For example, in channel CDL-A/1000ns, PRG size 10 has the worst performance in terms of BLER among all the candidates in the simulations. In summary, flexibility is need in PRG size in view of variable transmission requirements in NR.
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(a) CDL-A with 100ns delay                                                                                      (b) CDL-A with 300ns delay
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(c) CDL-A with 1000ns delay
Fig. 3 BLER performance comparison between different PRB bundling sizes

From above simulation results we can easily find that better performance will be achieved by using different PRB bundling sizes in different channels. For example, in flat channels (CDL-A, 100ns), PRB bundling size of 10 has the lower BLER compared to other sizes, while in channel with relative high frequency selectivity (CDL-B, 1000ns), PRB bundling size of 2 performs better than other candidates. Note that we only considered Rank-1 and Rank-2 in the simulations above, if higher rank transmission with larger port number DMRS is simulated, more performance gain would be observed. Based on the analysis, the following observation can be made.

Observation 1: For the channel with small delay spread, bigger PRB bundling size corresponds to a better performance, and for the channel with large delay spread, better performance can be obtained with smaller PRB bundling size. 
Further, figure 4 compares the performance of DM-RS patterns with 4/3/2/1 REs/PRB frequency densities. From the curves in the figure, it can be found that PRB bundling can to some extent compensate for the performance deterioration caused by low DM-RS density. For example, with PRB bundling size of 10, pattern with port density of 1 RE/symbol can obtain about 1dB gain compared to scheme without PRB bundling, and with appropriate bundling sizes, pattern with port density of 2 and 3 REs/symbol can even perform better than 4. 
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Fig. 4 Performance comparison between DM-RS patterns with different frequency densities
Considering the simulation results above, the following observations can be made.
Observation 2: PRB bundling can compensate for the performance deterioration caused by low DM-RS density.
As analyzed/simulated above, by configuring an appropriate PRG size for PRB bundling, the system performance can be significantly improved. Furthermore, as previously mentioned, in order to cater for a large number of deployment scenarios, as well as flexible system design, the following proposals are put forward.
Proposal 1: PRB bundling sizes in NR should be configurable by considering at least
· Different channel characteristics such as frequency selectivity

· Different DM-RS patterns with diverse frequency densities

· Implementation complexity at UE
Proposal 2: The allowed PRG sizes for PRB bundling should range from a few PRBs to the entire scheduling bandwidth for a given UE.

5 Conclusions
This contribution discusses some considerations and simulations on PRG sizes for PRB bundling. In summary, the following proposals are made.

Observation 1: For the channel with small delay spread, bigger PRB bundling size corresponds to a better performance, and for the channel with large delay spread, better performance can be obtained with smaller PRB bundling size. 
Observation 2: PRB bundling can compensate for the performance deterioration caused by low DM-RS density.

Proposal 1: PRB bundling sizes in NR should be configurable by considering at least
· Different channel characteristics such as frequency selectivity

· Different DM-RS patterns with diverse frequency densities

· Implementation complexity at UE

Proposal 2: The allowed PRG sizes for PRB bundling should range from a few PRBs to the entire scheduling bandwidth for a given UE.
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Appendix
LLS simulation assumptions

	Attributes
	Values or assumptions

	Carrier frequency
	4GHz

	Channel model
	CDL-A/B, 100/300/1000ns

	Subcarrier Spacing
	15kHz

	Allocated bandwidth
	20RB

	UE speed
	3km/h

	Ant. Config.
	4/2T; 4/2R

	Rank
	2/1

	Coding scheme
	Turbo

	Channel estimation
	Practical filter based

	Receiver
	MMSE-IRC

	Modulation/Coderate
	64QAM, 2/3 coderate


