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1. Introduction
In previous 3GPP RAN1 meetings, the following agreements were achieved regarding PRB bundling for DL[1]:
Agreement:
· UE is configured with PRB bundling size(s) per BWP
Agreement:
· For broadcast PDSCH, multi-cast PDSCH, and unicast PDSCH before RRC configuration, PRB bundling size is 2
Agreement:
· 1-bit DCI field for indication of PRB bundling size can be configured to be present by RRC
Agreement:
· When 1-bit DCI field is present, the following configuration is supported
· Candidate values: {2, 4, scheduled BW}
· FFS: support 1 as an additional candidate value
· The DCI bit field indicated “1” : select one value from one or two RRC configured candidate values
· When two candidate values are configured, one value is implicitly determined
· FFS details of implicit determination (e.g., scheduled BW, RBG-based, subband size, PDCCH REG bundling size, BWP, DMRS pattern, etc.)
· The DCI bit field indicated “0”: select one RRC configured candidate value
· When a UE is configured with RBG=2, the UE is not expected to be configured with PRG=4
For the mapping between VRB to PRB, the following agreements were achieved during email discussion:
Agreements:
· The notion of VRB is included in the specifications.

· A non-transparent VRB-to-PRB mapping (i.e. PRB_i=VRB_j where j=f(i)) is supported 

· At least for resource allocation type 1

· Discuss further whether to support it also for resource allocation type 0

· At least a block-interleaver is used for VRB-to-PRB mapping 

· FFS the details

· A single bit in the DCI indicates localized or distributed VRB-to-PRB mapping.

In this contribution, DL PRB bundling related issues are further discussed. 
2. PRB Bundling Size of Value 1
In previous meetings, value 2 and 4 of PRB bundling size have already been agreed. Value 1 is still controversial. There are mainly the following considerations regarding relatively small values. The arguments from those who supports the value 1 does not hold well.
· The value 1 provides more performance gains for precoder cycling.

· But even from those who support the value 1, the performance gains seem very marginal. Due to higher channel estimation MSE, such gains are not achievable; Simulation results show that there are very large performance loss for the value 1, especially for configuration 2 and CS of configuration 1.
· The value 1 provides more gains for MU-MIMO pairing. The argument is that if UE is only scheduled with one PRB, the paired UE would need to pre-code with the granularity of one PRB and thus has power loss.  
· First of all, it is a corner case that UE is only assigned one PRB with resource allocation type 2. If by any chance such resource allocation happens, the power not used could be boosted on other PRBs. The argued performance loss does not exist for the corner case.
· The case of value 1 is always there. The performance should be acceptable.
· But this does not necessarily mean the value 1 need to be one of the configuration options.  
With above discussion, we propose the value 1 is not supported.
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Proposal 1: 

· The PRB bundling size 1 is not supported for PDSCH.
3. Mapping of RBs 
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For the distributed mapping between VRB to PRB, the configured PRB bundling size should still be kept as it is in order to achieve the channel estimation performance gains. Otherwise, the corresponding bundled processing gains would be sacrificed. There are two cases to be considered :

· Case 1 value: for this case, the block interleaving could just follow the granularity of configured/indicated PRB bundling size ;

· Case 2 value :  for this case, the value could just be some pre-defined values, e.g. the largest possible PRB bundling size, which is 4 at the moment ;  

Thus we have the following proposal

Proposal 2: 

· For distributed VRB to PRB mapping, PRG-based block inter-leaver is used:

· If the configured/indicated value is a Case 1 value (i.e., 2 or 4), the VRB to PRB interleaving granularity is equal to Case 1 value.
· If the configured/indicated value is a Case 2 value (i.e., consecutively scheduled BW), the VRB to PRB interleaving granularity is 4 PRBs. 
4. Implicit Rule to Determin PRB bundling size
There is another issue left: how to determine PRB bundling size when DCI bit is equal to 1: 

· The DCI bit field indicated “1” : select one value from one or two RRC configured candidate values
· When two candidate values are configured, one value is implicitly determined
· FFS details of implicit determination (e.g., scheduled BW, RBG-based, subband size, PDCCH REG bundling size, BWP, DMRS pattern, etc.)
This value could be toggled with the corresponding PDCCH precoder granularity. Currently, there are also three/four possible values (dependent on number of number of OFDM symbols for the CORESET). Two/three concrete values are defined and another value equal to contiguous allocated PRBs. The scenarios for the application of the three/four values of PDCCH are the same as the scenarios for the values of PDSCH especially for the case of diversity based transmission. 
· For contiguous PRBs, the envisioned transmission scheme is small delay CDD;
· For other values, schemes based on precoder cycling are more useful;

Thus we mainly envision diversity based transmission for configuring two values when DCI bit is equal to 1. Under such scenarios, it could be toggled with configuration REG bundling size of control channels.

Proposal 3: 

· For the case when the DCI bit is equal to “1” and two values are configured for this state, support toggling of precoder granularity of PDCCH and PRB bundling size:
· For precoder granularity in frequency domain equal to the REG bundle size in the frequency domain 

· If REG bundling size is 2, the corresponding PRB bundling size is 2;

· Otherwise, the corresponding PRB bundling size is 4;

· For precoder granularity in frequency domain equal to the number of contiguous RBs in the frequency domain within the CORESET, the corresponding PRB bundling size is consecutively scheduled RBs;

5. Evaluation Results 
The corresponding simulation assumptions are listed as following

	Parameters
	Values

	Carrier Frequency
	4GHz

	Subcarrier Spacing for data
	15kHz

	Bandwidth
	Total 100RBs (PDSCH 64RBs)

	Channel Model
	TDL-A  model

· delay spread =100ns

· UE speed=3km/h.

	BS antenna configurations
	For 4 GHz: BS antenna number =2. 

	UE antenna configurations
	For 4 GHz: UE antenna number =2

	DMRS pattern
	FDM+OCC2, only front-loaded DMRS

	parameters
	Modulation: 16QAM,64QAM

Noise reduction: no

Ideal channel estimation: yes or no

Interleave type: no interleave

PRB bundling size: 1,2,4,8,16

DMRS boost: 0dB or 6dB

	
	


6. Conclusion

In this contribution, the following proposals are given regarding PRB bundling:
Proposal 1: 

· The PRB bundling size 1 is not supported for PDSCH.
Proposal 2: 

· For distributed VRB to PRB mapping, PRG-based block inter-leaver is used:

· If the configured/indicated value is a Case 1 value (i.e., 2 or 4), the VRB to PRB interleaving granularity is equal to Case 1 value.

· If the configured/indicated value is a Case 2 value (i.e., consecutively scheduled BW), the VRB to PRB interleaving granularity is 4 PRBs. 

Proposal 3: 

· For the case when the DCI bit is equal to “1” and two values are configured for this state, support toggling of precoder granularity of PDCCH and PRB bundling size:

· For precoder granularity in frequency domain equal to the REG bundle size in the frequency domain 

· If REG bundling size is 2, the corresponding PRB bundling size is 2;

· Otherwise, the corresponding PRB bundling size is 4;

· For precoder granularity in frequency domain equal to the number of contiguous RBs in the frequency domain within the CORESET, the corresponding PRB bundling size is consecutively scheduled RBs;
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