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1. Introduction
In previous 3GPP RAN1 meetings, the following agreements were achieved regarding PRB bundling for DL[1] [2]:
Agreements:

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

Agreements:

· 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
Agreement:
The PRB bundle defined in the absolute PRB grid of the wideband CC from network perspective is aligned with RBG boundary
Agreement:
· 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;

For REG bundling of control channel, the following working assumption is achieved:

Working assumption:

· For a CORESET, precoder granularity in frequency domain is:

· Configurable between i) equal to the REG bundle size in the frequency domain; or ii) equal to the number of contiguous RBs in the frequency domain within the CORESET

· For ii), DMRS is mapped over all REGs within the CORESET.
In this contribution, DL PRB bundling size related values 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.
Proposal 1: 

· The PRB bundling size 1 is not supported for PDSCH.
3. PRB bundling size for broadcast/groupcast data
Regarding PRB bundling size for broadcast/groupcast data channels, there are typically the following choices:
· Specify the values for broadcast/groupcast data channels

· Specify only one value and apply the value for all cases;
· Specify two values and use the DCI bit to switch between different cases;

· The network could still dynamically swich between different transmission scheme or different precoder cycling granularity ;
· Implicitly determine one or two values 
· The value or value set could be implicitly determined by signaling, e.g. by the REG bundling size of the corresponding PDCCH configuration. 
· If more than one values are implicitly determined, the DCI bit could still be used to switch between the values. 
· Include the information in SSB content

· Although this option has the smallest specification effort, such informaiton would introduce some overhead in SSB, which most company does not want to have.
Considering the fact the 1 DCI bit may be based on UE capability, the PRB bundling size of broadcast or groupcast may need to be specified or implicitly determined to one value. This value could be toggled with the corresponding PDCCH precoder granularity. Currently, there are also three possible values. Two values are equal to REG bundling size and another value equal to contiguous allocated PRBs. The scenarios for the application of the three values of PDCCH are the same as the scenarios for the values of PDSCH. 
· For contiguous PRBs, the envisioned transmission scheme is small delay CDD;
· For other values, schemes based on precoder cycling are more useful;

Thus at least for the choice of case 1 and case 2 for groupcast/broadcast signals, it could be toggled with configuration i) and ii) of control channels.

Proposal 2: 

· For broadcast/groupcast PDSCH, value or set of values of PRB bundling size are implicitly determined through e.g. the REG bundling size of corresponding PDCCH. 
4. Usage of the One DCI Bit 
It has already been agreed to support the one DCI bit to dynamically switch PRB bundling size. There are several ways to use the one DCI bit.

· Dynamically switch between case 1 and case 2;

· Dynamically switch between case 1 values;

· Dynamically switch between any configured values.

The reason why dynamically selection is still needed is that:

· Dynamic MU-MIMO pairing:

· In one slot, gNB may use the optimal phase continuous reciprocity based transmission for UE1, thus PRB bundling size indicated to UE1 is consecutive scheduled bandwidth. In the next slot, another UE2 may be scheduled together with UE1. Resources are highly possible to be partially overlapping for the two UEs. In the overlapping part of frequency resources, zero forcing or block diagonalization based precoding may be enabled to reduce interference between UE1 and UE2. While in the non-overlapping part, MRT based or SVD based transmission provides higher gain. It would be complicated to guarantee the phase continuity for precoders with above two different targets. Thus PRB bundling size needs to be reduced. Between adjacent slots, it is necessary to dynamically change PRB bundling size due to MU-MIMO pairing.
· In above scenario, gNB is switching between case 1 and case 2.

· For the case that multiplexing is between UEs with two different REG configurations, it is possible that PRB bundling may also need to change from one value in case 1 to another value in case 1;
· Dynamic coordinated multiple point transmission:

· Switch between two transmission points would be dynamic for coordinated multi-point transmission. The channels between the two points to the UE would have low correlation and thus optimum PRB bundling size for the two points would be different. Dynamic switch of PRB bundling size is thus necessary for such dynamic switch between coordinated multi-points.
· For this case, different TRP to UE channel may have different characteristics. UE may need to change from one value to another value for case 1.
· Dynamic switch between transmission schemes, like open loop transmission switch to close loop transmission switch, mainly needs the switch between case 1 and case 2.
From above discussion, the usage of the 1 DCI bit should be up to configuration.
Proposal 3: 

· The 1 DCI bit could switch between any two configured values.
· When only one PRB bundling size is configured, the field for PRB bundling size indication in DCI is turned off.
5. Mapping of RBs 
Currently, by the following agreement, a scheme based on LTE DL Type 2 resource allocation is supported in NR.
Agreements:
· In frequency-domain, for PDSCH in NR, a resource allocation scheme based on LTE DL RA Type 2 is supported in Rel. 15.

· FFS:

· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  

· BW parts

In LTE, type 2 resource allocation is defined like following. There is another bit indicating how the VRBs is mapped to PRBs, localized or distributed. The reason that distributed mapping is supported is that for small PRB resource allocation, continuous allocation would suffer from low frequency diversity gains, especially for the case that reliable CSI feedback is infeasible. 
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In NR, the use case for VRB to PRB distributed mapping still exists. If such mapping is supported, then it should be aligned with configured PRB bundling size. Otherwise, the corresponding bundled processing gains would be sacrificed. There are two cases to be considered :
· Case 1 value : for this case, UE could just follow network indication to determine VRB to PRB mapping; 
· Case 2 value :  The typical scenarios for distributed VRB to PRB mapping is the allocate RB resources are relatively fewer. While for case 2 PRB bundling size, the targetting scenario is for more RB resource allocation. Thus distributed PRB budnling from VRB to PRB should not be supported for case 2 value. But of course, one of the default 

Thus we have the following proposal

Proposal 4: 

· If distributed VRB to PRB mapping is supported for Type 2 RA, then 

· For case 1 values, VRB to PRB mapping granularity is indicated PRB bundling size ;

6. Evaluation Results 
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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

	
	


7. Conclusion

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

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

· For broadcast/groupcast PDSCH, value or set of values of PRB bundling size are implicitly determined through e.g. the REG bundling size of corresponding PDCCH.
Proposal 3: 

· The 1 DCI bit could switch between any two configured values.

· When only one PRB bundling size is configured, the field for PRB bundling size indication in DCI is turned off.
Proposal 4: 

· If distributed VRB to PRB mapping is supported for Type 2 RA, then 

· For case 1 values, VRB to PRB mapping granularity is indicated PRB bundling size ;
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