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1 Introduction
In RAN1 #86bis the following agreements were made with respect to PRB bundling and DM-RS support in NR [1]:

	· At least for DL, study PRB bundling with configurable PRG sizes, at least including following aspects

· The size of PRG may or may not be fixed

· The size of PRG may or may not be system bandwidth dependent 

· PRG may consist of all scheduled PRBs

· Study variable/configurable DL/UL RS pattern for demodulation 

· For data channel and control channel
· At least density can be configurable

· FFS: other configurability

· The applicable scenarios need to be studied

· Study multi-set DL/UL RS for control and/or data demodulation 

· The first set is front-loaded (i.e. loaded in the front of RB) 

· Other set(s) can be configured for different purposes

· Details FFS (e.g. higher frequency/time density, Rx beam detection, RSRP/CSI-reporting, phase noise compensation)


In this contribution we provide our study about the effect of PRB bundling on the channel estimation performance and thus, the PDSCH throughput. The degree of this effect also depends on the DM-RS design in terms of its density in frequency. The link-level evaluation in different channel scenarios demonstrates to what extent PRB bundling can compensate for the degradation of PDSCH throughput caused by the reduced DM-RS density.
2 Discussion

PRB bundling has been deployed since LTE release-10 to improve DM-RS based channel estimation, which, in turn, improves the performance of PDSCH throughput. Increasing PRB group (PRG) size usually causes processing gain in channel estimation since the number of REs dedicated to DM-RS in the given PRG is also increased. Furthermore, PRB bundling mitigates the negative impact of extrapolation in channel estimation at the PRB boundary. However, if the PRB-bundling size is greater than the coherent bandwidth, in particular, in the frequency selective channel, it can degrade the performance in terms of channel estimation and thus, PDSCH throughput. For this reason, PRB-bundling size needs to be configured appropriately depending on the channel condition and use cases in NR. 

On the other hand, PRB bundling should also take into account several aspects in system design such as subband precoding to avoid the discontinuity of the effective channel caused by the transition of the subband precoding matrix. The required processing time of channel estimation is another example of the system design component to be considered since Wiener filtering in channel estimation takes considerable time, particularly for the large size of channel estimation block. Therefore, well-configured PRB bundling needs to take into account not only the channel condition but also system design.
It is beneficial to study which DM-RS design takes more advantage than others from PRB bundling, since PRB bundling may cause the same throughput performance with reduced DM-RS density. The DM-RS design for NR is not determined so far; however, it is agreed that at least, the DM-RS density in time and frequency can be configurable based on the chairman’s notes for RAN1 #86bis meeting. The required DM-RS density in frequency is also dependent on the channel condition; therefore, the effect of PRB bundling on the throughput with different DM-RS design options can be regarded as a system design component. 
The objective of this contribution is to study the impact of PRB bundling with different PRG size on the link-level performance in terms of the throughput. Figure 1 describes four DM-RS options with different density in frequency as following. 

· Figure 1-(a): 6 REs per each DM-RS symbol (12 REs in double-symbol DM-RS);

· Figure 1-(b): 4 REs per each DM-RS symbol (8 REs in double-symbol DM-RS);

· Figure 1-(c): 3 REs per each DM-RS symbol (6 REs in double-symbol DM-RS);

· Figure 1-(d): 2 REs per each DM-RS symbol (4 REs in double-symbol DM-RS).

We notice that the case of Figure 1-(a) occupies the same number of REs as LTE DM-RS for single-layer transmission. This contribution take into account the double-symbol DM-RS located on the second symbols of each slot, i.e., symbol-1 of slot-0 and slot-1. It is a fundamental assumption that the DM-RS is multiplexed with data in a given symbol in the manner of FDM [2]. The simulation assumptions are summarized in Appendix.
[image: image1.emf]
Figure 1: Different DM-RS options
3 Performance evaluation

PRB bundling can compensate for the deterioration of throughput performance caused by channel condition or low DM-RS density. The link-level evaluation is provided in this section to exhibit the effect of PRB-bundling size on the link-level performance in terms of throughput. The detailed simulation assumption is supplied in Appendix. The evaluation considers four scenarios illustrated in Figure 1.
For numerology, we take into account 15 kHz subcarrier spacing in the simulation. We adopt the comb-pattern DM-RS along with Zadoff-Chu (ZC) sequence in each OFDM symbol dedicated to DM-RS. Further, QPSK 1/3 code rate is considered as a modulation and coding scheme (MCS); channel scenarios to be considered are EPA-5 Hz Doppler frequency and ETU-5 Hz Doppler frequency. PDSCH bit payload is appropriately adjusted corresponding to the aforementioned code rate after rate matching.
[image: image2.emf]SNR [dB]
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PDSCH throughput: different PRB-bundling size (EPA-5 kHz, QPSK)

8-PRB bundling, 2 REs / DM-RS symbol

4-PRB bundling, 2 REs / DM-RS symbol

2-PRB bundling, 2 REs / DM-RS symbol

No PRB bundling, 2 REs / DM-RS symbol


Figure 2: Comparison of throughput curves for different PRB-bundling size: EPA channel with 5 Hz Doppler frequency, QPSK
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PDSCH throughput: different PRB-bundling size (ETU-5kHz, QPSK)

8-PRB bundling, 2 REs / DM-RS symbol

4-PRB bundling, 2 REs / DM-RS symbol

2-PRB bundling, 2 REs / DM-RS symbol

No PRB bundling, 2 REs / DM-RS symbol


Figure 3: Comparison of throughput curves for different PRB-bundling size: ETU channel with 5 Hz Doppler frequency, QPSK
Figures 2 and 3 illustrate PDSCH throughput curves of the DM-RS option in Figure 1-(d) for different PRB-bundling size in EPA and ETU channels, respectively. Doppler frequency is 5 kHz for both figures. In this scenario, observations are as follows.

Observations:

· PRB bundling brings up the considerable improvement of throughput performance in both the channels of EPA and ETU.
· For the PRB-bundling size equal to or greater than 4, the improvement of throughput according to increasing PRB-bundling size is regarded as nonsignificant.
Further, Figure 4 compares the scenarios of 6 REs per each DM-RS symbol in Figure 1-(a) and 4 REs per each DM-RS symbol in Figure 1-(b) without PRB bundling to the scenario of 2 REs per each DM-RS symbol in Figure 1-(d) with 4 and 8 PRB-bundling size. From Figure 4, the following observation is also made.
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Compensation for low DM-RS density by PRB bundling (EPA-5kHz, QPSK)

2 REs / DM-RS symbol with 8-PRB bundling

2 REs / DM-RS symbol with 4-PRB bundling

4 REs / DM-RS symbol without PRB bundling

6 REs / DM-RS symbol without PRB bundling


          Figure 4: Comparison of throughput curves for different DM-RS density in frequency: ETU channel with 5 Hz Doppler frequency, QPSK
Observation:

· In case of comb-pattern double-symbol DM-RS, 2 REs dedicated to each DM-RS symbol with 4 or greater number of PRB bundling outperforms the cases of 4 or 6 REs assigned to each DM-RS symbol without PRB bundling.
Based on all above observations, the generic observation is as following.

Observation:

· The PRB bundling compensates for the degradation of throughput performance caused by low DM-RS density in frequency. The desired PRB-bundling size can be flexible depending on the DM-RS design.
4 Summary

In this contribution we provide link-level evaluation results regarding the impact of PRB-bundling size on throughput performance with comb-pattern double-symbol DM-RS. The following is the summary of observations.
Observations:

· PRB bundling brings up the considerable improvement of throughput performance in both the channels of EVA and ETU.
· For the PRB-bundling size equal to or greater than 4, the improvement of throughput according to increasing PRB-bundling size is regarded as nonsignificant.
· In case of comb-pattern double-symbol DM-RS, 2 REs dedicated to each DM-RS symbol with 4-PRB bundling or larger one outperforms the cases of 4 or 6 REs assigned to each DM-RS symbol without PRB bundling.

· The PRB bundling compensates for the degradation of throughput performance caused by low DM-RS density in frequency. The desired PRB-bundling size can be flexible depending on the DM-RS design.
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Appendix
Appendix 1. Simulation Assumption

	Configuration
	Comments

	Scenario
	Throughput of different DM-RS density for varying PRB-bundling size

	Transmission mode
	DM-RS based

	MIMO configuration
	rank-1 transmission 

	Numerology
	15 kHz subcarrier spacing

	MCS
	QPSK with 1/3 code rate 

	DM-RS density
	6, 4, 3, 2 REs per each DM-RS symbol (12, 8, 6, 4 REs/PRB, respectively)

	Codewords
	1 codeword

	PRBs
	8/subframe

	PRB-bundling size
	1, 2, 4, 8-PRB bundling

	Frame structure
	FDD

	Number of PDCCH symbols
	1

	Channel
	EPA-5Hz, ETU-5Hz
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