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Introduction
During RAN1#88 and RAN1 88bis meeting, the following agreements related to PRB bundling in downlink and uplink were made:[1][2]
Agreements: 
· For DFT-S-OFDM based transmission

· PRB bundling size is the whole scheduled bandwidth if the scheduled bandwidth comprises a single cluster.

· Note: UE shall apply the precoder in a way that the gNB may assume that UE uses the same precoder for all scheduled PRBs.

· Multi cluster case FFS (if supported)

· CP-OFDM based transmission

· For codebook based:

· PRB Bundling should be supported.

· FFS configurability of PRB bundling size, and/or PRB bundling size implicit determination 

· FFS applicability to some non-codebook based cases

· Non-codebook based:

· PRB Bundling should be supported.

· FFS: Configurability by gNB side e.g.

· PRB bundling on or off.

· PRB bundling size

Agreements:
· For PRB bundling of data channel

· Support common design for PRB bundling for different scenarios, e.g.  channel reciprocal or non-reciprocal, different Tx/Rx beamforming, etc:

· Specify common PRB bundling size set for all scenarios

· FFS: Different PRB bundling size sets for different BWs
· Specify common indication procedure for all scenarios
· The following PRB bundling sizes are studied: 

· Specified value(s) X: 

· FFS X 

· FFS whether more than one value is needed.

· Strive for value aligned with resource allocation granularity 

· Contiguous allocated PRBs when at least Y contiguous PRBs are allocated. FFS: values of Y;

· Scheduled BW dependent, FFS the relationship
· Values equal or larger than scheduled BW
· FFS different transmission schemes may be related to different subsets of PRB bundling configurations

· Others are not precluded;

· Support UE specific PRB bundling size indication:

· FFS: RRC configured with a subset, DCI dynamically indicated

· DCI overhead should be considered; 

· MAC CE can be considered if the number of subset elements are large, details FFS

· FFS: the presence of DCI field related to PRB bundling is configured by RRC; 

· FFS: Implicit signaling to inform PRB bundling size can be considered

· FFS UE feedback assisted PRB bundling size

In this contribution, we discuss the details related to PRB bundling for both uplink and downlink
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On details of PRB bundling size
It has been agreed to support PRB bundling for OFDM type waveform in both uplink and downlink. However details related to bundling size are still under consideration. In LTE, the bundling size is mainly bandwidth dependent as the RBG varies with different carrier bandwith. However, it has been observed and also shown in our accompanying contribution [3], that PRB bundling can have a considerable impact on DM-RS channel estimation for different scenarios. Therefore, it would be more preferable to have PRB bundling size vary from minimum of one to certain maximum number. Supporting PRB bundling length equal to the allocated bandwidth has been under consideration, but the impact of such large scale PRB bundling should be observed and if there is significant performance improvement, then PRB bundling size equal to whole allocated bandwidth can be supported. 
Obsevation 1: PRG is beneficial to be aligned with RBG boundary for the following reasons

· To avoid uneaqual PRB bundling in case of edge PRBs. 

· To facilitate MMSE-IRC receiver without obtaining PRG size of the interference signals. 
Proposal 1: PRB bundling size should be integer multiples or divisors of RBG to be aligned to RBG boundardy.
Proposal 2: Maximum PRB bundling size equal to whole allocation bandwidth could be considered OFDM waveforem in uplink and downlink, only if considerable benefits are observed.
In RAN WG1 88bis meeting, we agreed that NR supports common design for PRB bundling for different scenarios, e.g.  channel reciprocal or non-reciprocal, different Tx/Rx beamforming, etc, and specify common PRB bundling size set for all scenarios. And, we proposed to align the PRB bundling with the resource allocation. In LTE, the unit of resource allocation (i.e. RBG) is defiend differently for different BWs. Since NR support various bandwidth options, in order to reduce the signaling overhead for resource allocation, such principle is benefitial to be maintained. From the reason, PRB bundling size also should be defined differently for different BWs or different numerology options. 
Proposal 3: PRB bundling size should be defined differently for different BWs or different numerology options. 

In RAN WG1 88bis meeting, we agreed that NR supports UE-specific RF bandwidth which is smaller than carrier bandwidth. For transparent operation, if UE-specific BW is configured, the PRB bundling size should be configured for UE-specific BW instead of the carrier bandwidth. 
Proposal 4: If UE-specific bandwidth is configured, the PRB bundling size should be configured differently for different UE’s configured BWs. 
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On the signalig of PRB bundling configurability





For NR, the PRB bundling size can be dependent up on the bandwidth allocation but also to be configurable. There should be a support for both semi-static and dynamic configuration for PRB bundling. As we agreed in RAN1 #88bis meeting, common PRB bundling size set could be semi-statically configured based on RRC configuration. The configuration is beneficial to be defined as a part of DM-RS configuration. According to the DM-RS density in a PRB, different PRB bundling size can be configured. 
Proposal 5: Both semi-static and dynamic configuration of PRB bundling should be supported in NR

For flexible PRB bundling configuration, different signalling options including both explicit and implicit signalling could be considered. The impact of PRB bundling on DM-RS channel estimation for different scenarios should be considered while desigining the signalling of PRB bundling size as different bundling sizes can provide considerable performance difference. In order not to increase signaling overhead, it is preferred to use implicit indication based on DM-RS configuration.
Proposal 6: Dynamic indication of PRB bundling size should be supported, and implicit signaling based on the DM-RS configuration should be considered for low signaling overhead. 
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Summary 
In this section, we summarize the key observations/proposals related to PRB bundling for both uplink and downlink:
Obsevation 1: PRG is good to be aligned with RBG boundary for the following reasons

· To avoid uneaqual PRB bundling in case of edge PRBs. 

· To facilitate MMSE-IRC receiver without obtaining PRG size of the interference signals. 
Proposal 1: PRB bundling size should be integer multiples or divisors of RBG to be aligned to RBG boundardy.

Proposal 2: Maximum PRB bundling size equal to whole allocation bandwidth could be considered OFDM waveforem in uplink and downlink, only if considerable benefits are observed.
Proposal 3: PRB bundling size should be defined differently for different BWs or different numerology options. 

Proposal 4: If UE-specific bandwidth is configured, the PRB bundling size should be configured differently for different UE’s configured BWs.

Proposal 5: Both semi-static and dynamic configuration of PRB bundling should be supported in NR

Proposal 6: Dynamic indication of PRB bundling size should be supported, and implicit signaling based on the DM-RS configuration should be considered for low signaling overhead.
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