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1. Introduction
In the 3GPP RAN1 #89 meetings, the following agreements were achieved regarding PRB bundling for DL [1]:
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 this contribution, DL PRB bundling size related values are further discussed. 
2. PRB Bundling Size Values
As agreed, for case 1 values, down-selection from {[1], 2, 4, 8 and 16} is still needed. There are mainly the following considerations regarding the exact values.

· Small values

· Provide more resource allocation flexibility for MU-MIMO  pairing, especially for the case that different UEs that have different RBGs sizes; 
· Provide more performance gains for precoder cycling;
· Provide more beamforming gains for FDD scenarios;

· Large values

· RS frequency and time domain density could be relatively low;

· Provides more bundled processing gains, especially for low SNR area;
There is also another debate about the number of values to be supported. There are the following considerations for supported number of 
· Greater number of values would increase the chipset implementation complexity. 

· Two values have already been supported in RBG bundling in PDCCH design. There is no reason to support fewer number of bundling size values for PDSCH.
· Signaling overhead is also discussed. More values would bring more configuration overhead.  
· Possible PRB bundling size values could be restricted by configured RBG to save configuration overhead. But such overhead reduction seems trivial.

· It is still under discussion how RBG is going to be indicated, possibly by RRC or by DCI;
· The values are downselected from the set of 5 values {[1], 2, 4, 8 and 16}
· Regarding the value 1, there is much discussion about it. Some company believes the value 1 is necessary for precoder cycling, especially for the 2 PRB allocation. But the performance gains for precoder cycling under such scenarios are limited, if not worse, than small delay CDD schemes, due to channel estimation error for small PRB bundling size. 

· Regarding the value 16, with frequency domain filtering, it seems that the performance gains are not observable for values greater than 8. For receive algorithm like time domain windowing, it would increase chipset complexity and processing time if it is done per PRG bundle.

· There is also intention to further reduce number of values in order to simplify interference measurement and improve IRC receiver performance. But this also does not make too much sense. We have already support case 2. Restricting case 1 values would not make interference estimation easier. If UE would like to implement IRC receiver, it needs further refinement of interference estimation algorithm.
With above discussion, we propose to support the following values for case 1: {2 and 4}. The value of 8 could be further studied.
Proposal 1: 

· At least support the following values for case 1 PRB bundling size: {2, 4}
· FFS 8;
Regarding whether the value should be related to RBGs, there are the following considerations:
· As stated above, such connection may reduce configuration signaling overhead. But such reduction is trivial for RRC configuration.

· It is still possible that RBG is indicated with DCI. Network configuration and UE behavior for PRB bundling size should be further clarified if multiple RBGs are indicated by DCI. 
Proposal 2: 

· Whether to specify the relationship between RBG and PRB bundling size should be decided after RBG indication method is determined.
3. 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 open and up to configuration.
Proposal 3: 

· The usage of the 1 DCI bit is not limited and up to higher layer configuration
· Not limited to case 1 and case 2 switch;

· Not limited to switch between values within case 1;
4. 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 ;

· NR does not PRB bundling size case 2 for distributed VRB to PRB mapping;
5. 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

	Others
	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: 

· At least support the following values for case 1 PRB bundling size: {2, 4}
· FFS 8;
Proposal 2: 

· Whether to specify the relationship between RBG and PRB bundling size should be decided after RBG indication method is determined.
Proposal 3: 

· The usage of the 1 DCI bit is not limited and up to higher layer configuration

· Not limited to case 1 and case 2 switch;

· Not limited to switch between values within case 1;
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 ;

· NR does not PRB bundling size case 2 for distributed VRB to PRB mapping;
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