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Introduction
In 3GPP RAN1#89 [2], the following agreements on RBG size and PRB bundling were agreed: 
	Agreements:
· The set of RBG size includes at least 2, [3,] 4, [6,] 8, 16
· FFS: necessity of other RBG sizes
· RBG size may or may not depend on the number of symbols for data
· For determining RBG size, the following options are considered
· Opt. 1: RBG size is determined by the NW channel BW
· FFS: Necessity of signaling
· Opt. 2: RBG size is determined by BW for the configured BW part
· FFS: Necessity of signaling
· FFS: Multiple configured BW parts
· Opt. 3: RBG size is configured by NW
· FFS: Set of configurable RBG sizes may depend on frequency range
· Opt. 4: RBG size is determined by DCI
· FFS: Signaling details
Agreements:
· For PRB bundling of data channel
· Support common design for PRB bundling for different scenarios, e.g.  channel reciprocal or non-reciprocal, different Tx/Rx beamforming, etc:
· Specify common PRB bundling size set for all scenarios
· FFS: Different PRB bundling size sets for different BWs
· Specify common indication procedure for all scenarios
· The following PRB bundling sizes are studied: 
· Specified value(s) X: 
· FFS X 
· FFS whether more than one value is needed.
· Strive for value aligned with resource allocation granularity 
· Contiguous allocated PRBs when at least Y contiguous PRBs are allocated. FFS: values of Y;
· Scheduled BW dependent, FFS the relationship
· Values equal or larger than scheduled BW
· FFS different transmission schemes may be related to different subsets of PRB bundling configurations
· Others are not precluded;
· Support UE specific PRB bundling size indication:
· FFS: RRC configured with a subset, DCI dynamically indicated
· DCI overhead should be considered; 
· MAC CE can be considered if the number of subset elements are large, details FFS
· FFS: the presence of DCI field related to PRB bundling is configured by RRC; 
· FFS: Implicit signaling to inform PRB bundling size can be considered
FFS UE feedback assisted PRB bundling size


In this contribution, we discuss about PRB bundling of NR DMRS.
Discussion
In this section, link level simulation result is provided to evaluate the performance of system with different PRG size. In this evaluation, following two DMRS patterns in Figure 1 are assumed. 
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Pattern 1                      			      Pattern 2
Figure 1 The proposed DL DMRS patterns for NR
In contrast to Pattern 2, Pattern 1 has higher RS density for low layer transmissions so that ensures robust DMRS performance especially in low SNR region. Also, Pattern1 might be more susceptible to high delay spread scenarios and large subcarrier spacing due to dense RS pattern over frequency domain. On the other hand, Pattern 2 has lower RS density in order to reduce DMRS overhead. Our companion contribution provides evaluation results for different DL DMRS patterns and shows that Pattern 1 and Pattern 2 yield high throughput performance in most of evaluation scenarios by providing good trade-off between channel estimation performance and DMRS overhead [3]. More detailed simulation parameters are given in Appendix.
Evaluation results with different sizes of PRG are provided in the Figure 2. 
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Evaluation with Pattern 1              		Evaluation with Pattern 2
Figure 2 Evaluation results with different sizes of PRG
From the evaluation results in figure 2, we can make following observations:
Observations: 
· In high DMRS density case, bundling of 6 PRBs does not provide performance benefit compared to 4 PRBs. 
· However, in case of low DMRS density, bundling 6 PRBs provides maximum 4% enhancement in the sense of throughput.
Proposals: 
· Variable candidates of PRG should be provided considering various time/frequency domain density of DMRS.
· At least, 4 PRBs and 6 PRBs should be included as an option of PRG.

In addition to 4 PRBs and 6 PRBs, one PRB based precoding granularity should be supported in NR. In LTE, precoding granularity with a PRB is introduced since it can maximize the performance benefits of subband precoding in the case of channel reciprocity, In NR, the importance of channel reciprocity is increasing due to large number of antenna ports and beams and larger system bandwidth. In such case, one PRB based precoding granularity is very important use case since it can maximize system performance of NR. 
In addition, an option of configuring a subset of system BW to a UE is being discussed in NR. If this option is adopted, a UE will be firstly semi-statically configured with a UE-specific BW, e.g., by radio resource control (RRC), and the UE will be dynamically allocated with PDSCH PRBs by DCI, where the PDSCH PRBs correspond to a subset of the UE-specific BW. In such a case, the PRG size can be the semi-statically allocated bandwidth, which could allow simpler channel estimation and continuous precoding. 
Moreover, independent configuration of PRB bundling size with configuration of PMI/RI reporting should be considered in NR. In 3GPP RAN1 NR Ad-Hoc [2], UE configuration on CSI acquisition (i.e. CSI reporting setting, resource setting, CSI measurement setting) is agreed. Based on the configurations, dynamic indication to select preferred CSI measurement setting can be considered to a UE with multiple CSI measurement settings. To avoid any intricate dependencies, transmission scheme should be configured separately from DL CSI acquisition.
Considering such aspects, observations and proposals on DMRS precoding granularity can be summarized as follows:
Observations: 
· In channel reciprocity case, gNB can acquire RB level direction information by measuring uplink channel.
· Given that situation, per PRB precoding maximizes system performance by allowing RB level precoding.
· To avoid any intricate dependencies, transmission scheme should be configured separately from DL CSI acquisition.
Proposals: 
· NR supports one bit dynamic indication of UE specifically configured PRG sizes between
· One PRB level DMRS precoding for channel reciprocity case.
· 4 PRBs
· 6 PRBs
· PRG size which can be a super set of the scheduled BW in each TTI.
· Support independent configuration of PRB bundling size with configuration of PMI/RI reporting.
Conclusions
In this contribution, precoding granularity for NR DMRS is discussed. Based on the discussions, the following observations and proposals are provided:
Observations: 
· In high DMRS density case, bundling of 6 PRBs does not provide performance benefit compared to 4 PRBs. 
· However, in case of low DMRS density, bundling 6 PRBs provides maximum 4% enhancement in the sense of throughput.
· In channel reciprocity case, gNB can acquire RB level direction information by measuring uplink channel.
· Given that situation, per PRB precoding maximizes system performance by allowing RB level precoding.
· To avoid any intricate dependencies, transmission scheme should be configured separately from DL CSI acquisition.
Proposals: 
· Variable candidates of PRG should be provided considering various time/frequency domain density of DMRS.
· At least, 4 PRBs and 6 PRBs should be included as an option of PRG.
· NR supports one bit dynamic indication of UE specifically configured PRG sizes between
· One PRB level DMRS precoding for channel reciprocity case.
· 4 PRBs
· 6 PRBs
· PRG size which can be a super set of the scheduled BW in each TTI.
· Support independent configuration of PRB bundling size with configuration of PMI/RI reporting.
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Appendix: LLS evaluation assumptions
	Duplex
	FDD

	Subcarrier spacing
	15kHz

	Number of TXRUs
	TRP = 8, UE = 2

	Transmission layers for data channel
	SU-MIMO with rank=1

	Transmission scheme
	Codebook based precoding (Codebook-Config is set to ‘1’)

	CSI feedback / Beam management scheme
	•     LTE CSI feedback (CQI/PMI feedback with 5 msec periodicity of CSI-RS and 2 msec feedback delay)
•     For Beam management, select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.

	CW to layer mapping
	LTE CW to layer mapping

	Data allocation
	•     12 RBs
•     First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel, Error free PDCCH decoding is assumed.

	PRB bundling
	PRB Bundling size=1/2/3/4

	Modulation order, Coding rate
	LTE CQI based link adaptation

	Channel coding scheme
	LTE turbo coding 

	HARQ
	Synchronous HARQ with Chase Combining (max 4 transmissions)

	Channel estimation
	Real estimation

	Performance metric
	Throughput

	UE speed
	3km/h

	Channel model
	CDL-A with DS value=300ns

	TRP antenna configuration
	The number of antenna: Tx=8 and (M,N,P) = (4,4,2). (dV,dH) = (0.5, 0.5)λ
Per antenna element radiation pattern is in TR36.873

	UE antenna configuration
	The number of antenna: Rx=2 and (M,N,P)=(1,1,2) with 0.5λ spacing with omni-directional antenna element
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