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Introduction
During the RAN1#87-AH and RAN1#88 meeting, the following agreements related to PRB bundling in downlink and uplink were made:
Agreements:
· For the DL, NR supports configurable PRG size for data DMRS
· FFS: Signaling for the configuration of PRG size (semi-static or dynamic)
· FFS: available options/schemes.
· FFS: continuous precoding in time domain for DMRS channel estimation with the following examples:
· Semi-static measurement window
· Dynamic indication of precoding sets
· Support of continuous precoding when gNB supports slot aggregation
· Contiguous time allocations 
· FFS: multiplexing of DMRS ports using time domain OCC between aggregated slots
· Note: Consider impact of DMRS pattern
· Note: Other code is not precluded.
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

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 allocated 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. 
Proposal 1: Maximum PRB bundling size equal to whole allocation bandwidth could be considered OFDM waveforem in uplink and downlink, only if considerable benefits are observed
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On details 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. It could be semi-statically configured that if the PRB bundling is bandwidth dependent or fully flexible. When the PRB bundling is semi-statically configured, similar approach as LTE could be re-used, but with support for more range of PRB bundling size as discussed in previous section.
Proposal 2: Both semi-static and dynamic configuration of PRB bundling should be supported in NR

Proposal 3: Semi-static configuration in NR could be used to indicate whether the PRB bundling is bandwidth dependent or fully flexible
For fully 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.
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Summary 
In this section, we summarize the key observations/proposals related to PRB bundling for both uplink and downlink:
Proposal 1: 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 2: Both semi-static and dynamic configuration of PRB bundling should be supported in NR

Proposal 3: Semi-static configuration in NR could be used to indicate whether the PRB bundling is bandwidth dependent or fully flexible
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