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Introduction
In 3GPP RAN1#87 [3], following agreements on PRB bundling are agreed: 
Agreements:
· For the DL, NR supports configurable PRG size for data DMRS
· FFS: Signaling for the configuration of PRG size (semi-static or dynamic)
· FFS: available options/schemes.
· FFS: continuous precoding in time domain for DMRS channel estimation with the following examples:
· Semi-static measurement window
· Dynamic indication of precoding sets
· Support of continuous precoding when gNB supports slot aggregation
· Contiguous time allocations 
· FFS: multiplexing of DMRS ports using time domain OCC between aggregated slots
· Note: Consider impact of DMRS pattern
· Note: Other code is not precluded.
· 

In this contribution, we discuss about precoding granularity of NR DMRS.
Discussions
For TM9 and TM10 in LTE, the configurability on PMI/RI reporting is provided to UE. For the case of channel reciprocity, eNB does not require UE reports on directional information of channel since eNB can acquire the directional information based on the measurement of uplink channel. In this case, precoding on data transmission may be different to each PRB since SRS allows different directional information. Given that situation, LTE specification allows PRB based precoding granularity when PMI/RI reporting is not configured to UE and achieves benefits on system performance. 
On the other hand, for the case of non-channel reciprocity case (e.g. FDD), eNB configures UE’s PMI/RI reporting to acquire directional information on channel. In this case, eNB cannot apply different precoding since UE reports its PMI and CQI per subband which depends on system bandwidth to effectively utilize uplink resource. As well as subband size, RBG (resource block group) is well aligned to provide effective resource allocation with reasonable DCI overhead.
	System Bandwidth
	Subband Size (RBs)
	RBG Size (RBs)

	1.4 MHz
	NA (Only wideband)
	1

	3 MHz
	2
	2

	5 MHz
	2
	2

	10 MHz
	3
	3

	15 MHz
	4
	4

	20 MHz
	4
	4


Table 1 Subband and RBG size for a given system bandwidth
In addition to subband and RBG, LTE specification allows PRB bundling by using PRG (precoding resource block group). Since granularity of PMI reporting and RBG for resource allocation in non-reciprocity case are limited to multiple RBs, expected granularity of precoding on DMRS should be multiple RBs. Given that situation, limitation on precoding granularity can relieve UE complexity and performance on channel estimation. In table 2, PRG size considering system bandwidth are provided as follows:
	System Bandwidth
	PRG Size (PRBs)

	1.4 MHz
	1

	3 MHz
	2

	5 MHz
	2

	10 MHz
	3

	15 MHz
	2

	20 MHz
	2


Table 2 PRG size for a given system bandwidth
In this table, PRG size which is smaller than subband and RBG size is introduced only for 15 and 20 MHz system. Such flexibility may allow some benefits by allowing smaller granularity of precoding and scheduling, however the benefits are marginal considering PMI reporting and resource allocation granularity. 
In NR, design of PRB bundling should be decided considering the benefits and drawbacks of LTE PRB bundling design. At first, one PRB based precoding granularity should be supported. In NR, the importance of channel reciprocity is increasing due to large number of antenna ports and beams. In such case, one PRB based precoding granularity can maximize the performance of system. In addition to one PRB based precoding granularity, specified size of PRG which depends on system bandwidth should be supported. However, the bundling size should be aligned with PMI reporting and resource allocation granularity. As mentioned above, the benefits on precoding granularity are marginal and flexibility on precoding granularity increases UE complexity. Therefore, precoding granularity should be based on PMI reporting and resource allocation granularity and depend system bandwidth.
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 [3], 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 [4].
Considering such aspects, observations and proposals on DMRS precoding granularity can be summarized as follows:
Observations: 
· In channel reciprocity case, eNB can acquire RB level direction information by measuring uplink channel.
· Given that situation, per PRB precoding provides performance benefits by allowing RB level precoding.
· In non-channel reciprocity case, minimum granularity for direction information on channel is subband.
· In LTE, smaller precoding granularity than subband and RBG size is provided, however, it requires more UE complexity and the benefits are marginal.
· To avoid any intricate dependencies, transmission scheme should be configured separately from DL CSI acquisition.
Proposals: 
· NR supports dynamic indication of UE specifically configured PRG sizes between
· One PRB level DMRS precoding for channel reciprocity case.
· A specified value of PRB bundling size which depends on system bandwidth 
· The size of PRB bundling should be aligned to the size of PMI reporting and resource allocation.
· 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 channel reciprocity case, eNB can acquire RB level direction information by measuring uplink channel.
· Given that situation, per PRB precoding provides performance benefits by allowing RB level precoding.
· In non-channel reciprocity case, minimum granularity for direction information on channel is subband.
· In LTE, smaller precoding granularity than subband and RBG size is provided, however, it requires more UE complexity and the benefits are marginal.
· To avoid any intricate dependencies, transmission scheme should be configured separately from DL CSI acquisition.
Proposals: 
· NR supports dynamic indication of UE specifically configured PRG sizes between
· One PRB level DMRS precoding for channel reciprocity case.
· A specified value of PRB bundling size which depends on system bandwidth 
· The size of PRB bundling should be aligned to the size of PMI reporting and resource allocation.
· 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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