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1. Introduction

In NR adHoc#2 meeting [1], RAN1 agreed that:

Agreements:

· For DL data transmission:

· PRB bundling size values include

· Case 1: one or more values down-selected from the following set

· {[1], 2, 4, 8 and 16};

· FFS the relationship with RBG size; 

· Case 2: values equal to consecutively scheduled bandwidth in frequency;

· For UE-specific PRB bundling size indication, support dynamically indicated PRB bundling size with up to 1 bit overhead;

· FFS implicit indication to reduce configuration overhead, e.g., based on DMRS configuration etc;

· FFS the usage of above 1 bit, e.g. whether to switch between Case 1 and Case 2 or between two configured Case 1 values;

· FFS other aspects related to MU-MIMO pairing and  higher-layer signaling
In RAN#90 meeting [2], RAN1 agreed that:
Agreements:

· PRB bundle is based on absolute PRB-grid of a component carrier

· For DL unicast data transmission:

· Case 1 PRB bundling size values are at least 2 and 4

· FFS whether or not to additionally support PRB bundling size 1 – companies are encouraged to perform analysis and evaluations especially w.r.t. PRB bundling sizes 2 and 4

· FFS: PRG configuration for broadcast PDSCH

In NR adhoc # 3 meeting [3], RAN1 agreed that:
Agreements:
· The PRB bundle defined in the absolute PRB grid of the wideband CC from network perspective is aligned with RBG boundary 
· Support the 1 bit DCI indication for PRB bundling size

· Dynamic PRB bundling is part of UE capability signalling discussion;

· FFS details; 

· If UE does not support dynamic PRB bundling, then only one PRB bundling size is higher layer configured;

· FFS the detailed usage of the 1 bit;

In this contribution, aspects on PRB bundling for DL precoding are further discussed. 
2. PRB bundling size values for Case 1
The tradeoff between the performance of precoding and estimation accuracy should be carefully studied for the configuration of PRB bundling. Generally, larger granularity for PRB bundling could be considered for improving channel estimation accuracy.  On other hand, for the channel with significant frequency selectivity, the configuration with small PRG size will improve the performance of precoding. In last meeting both 2 and 4 are agreed for Case 1 PRB bundling configuration,  but the value 1 is still FFS.  

In this section, we compare the performance of different bundling size values. A potential use case of the value 1 is for high geometry UE in TDD system, if channel reciprocity is good enough, smaller bundling size can help to obtain more beamforming gain.  This also matches to implementation of the current LTE TDD systems. Considering this case, we show some link level simulation results in figure 1 and 2.
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                                                Figure 1: performance of different bundling size 
In figure 1, we can observe that when DS is 300ns, only marginal gain can be obtained if we configure bundling size value 1, but when DS is 900ns, there is approximately 0.3dB gain in CDL-A and 0.15 dB gain in CDL-B.
For MU-MIMO, performance is more sensitive to precoder granularity especially for ZF precoding. The performance gap between bundling size 1 and 2 is expected to be further increased.
Another case for bundling size value 1 is used for precoder cycling, note that in Rel-15, transmission scheme 2 is not explicitly supported for unicast PDSCH in specification, the bundling size value 1 should be supported to obtain more diversity gain especially when only a small number of PRBs are allocated.  Based on the above simulation results and considerations, we think PRB bundling size value 1 should be supported.
Proposal 1：Support  PRB  bundling size value of 1 in NR
3. PRB bundling configuration
For achieving flexible configuration of PRG size, the following method can be considered: Pre-define multiple bundling size can be configured by gNB. For single beam single layer transmission, gNodeB can configure a bundling size set with two size values to UE. These values are selected from {1,2,4, consecutively scheduled PRBs }. The 1bit DCI signalling can be used for dynamic selection based on the configured size set. 
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Proposal 2：Support RRC configuration for the bundling size set corresponding to 1 bit DCI signalling 

For multi-layer transmission, the beamforming gain is usually not the same for different layer. Considering estimation performance of DM-RS, large PRG size should be configured for layers with worse channel quality, and smaller PRG size should be configured for layers with better channel quality.  Moreover, if these layers are not transmitted by one TRP/beam, they can have different channel characteristics. It is beneficial to configure different PRG sizes for different layers.
Proposal 3：Support layer/beam specific  PRB  bundling configuration 
In CoMP and MU-MIMO cases, dynamic change on scheduling or dynamic change on transmission point will result in different channel properties and precoding requirement. Different PRG size could be considered once QCL indication is changed or dynamic disabling can be supported. More specifically, even for DPS and JT, various channel will be observed and different PRG size can be configured.   
4. Conclusion

In this contribution, the configuration for PRB bundling size is analyses with the following proposals: 
Proposal 1：Support  PRB  bundling size value of 1 in NR

Proposal 2：Support RRC configuration for the bundling size set corresponding to 1 bit DCI signalling 
Proposal 3：Support layer/beam specific  PRB  bundling configuration 
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6. Appendix 

Simulation assumptions are shown  in the following table ：

	Parameter
	Value

	FFT Size
	2048

	Numerology
	15 KHz SCS with NCP

	Assigned Bandwidth
	18 PRBs

	Tx antenna configuration
	4Tx,  dual-polarized

	Rx antenna configuration
	2 Rx,  dual-polarized

	Number of layers
	1

	Control Overhead
	2 OFDM symbols

	Coding
	3GPP Turbo LTE

	TTI
	   1 msec (14 OFDM symbols)

	MCS
	64QAM 1/2

	CSI
	Based on Channel reciprocity,  5ms delay

	Channel Model
	CDL-A/CDL-B ,DS=300ns/900ns
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