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Introduction
In RAN1#86b, the following is agreed for PRB bundling.
Agreements:
· At least for DL, study PRB bundling with configurable PRG sizes, at least including following aspects
· The size of PRG may or may not be fixed
· The size of PRG may or may not be system bandwidth dependent 
· PRG may consist of all scheduled PRBs

This contribution discusses PRB bundling support in NR. 
1 
2 
Review of PRB bundling from Legacy LTE
During Rel-10 LTE discussions, it has been found that in FDD systems where gNB has to rely on feedback to perform closed-loop MIMO precoding operations, PRB bundling provides substantial gains across all transmission ranks. However, the gains of PRB bundling is reduced or even disappeared when an eNodeB is able to perform per-PRB based frequency-selective precoding. Owing to this reason, the PRB bundling turn on/off configurations are tied with PMI/RI configuration. When PMI/RI is configured, PRB bundling is turned on; otherwise PRB bundling is turned off.
On the other hand, the PRB bundling size, namely the PRG size, is determined purely dependent upon the system BW. As illustrated in Figure 1, the PRGs have the following properties:
· A PRG consists of consecutive PRBs
· PRGs partition the system bandwidth
· 
The size of a PRG is fixed and is only determined by the corresponding system bandwidth (). 



[bookmark: _Ref260322510]Figure 1: Example of PRGs – 3 PRB = 1 PRG
Discussion on PRB bundling for NR
PRB bundling design in LTE Rel-10 was done under constraints given by prior features adopted for LTE Rel8-10. One well-known weakness of the PRB bundling design in Rel-10 is that the precoding granularity is not aligned with the PMI feedback subband sizes, which may result in suboptimal selection of precoders in non-reciprocity cases. In addition, the PRB bundling turn on/off condition was also based on previously adopted PMI/RI reporting configuration, which may or may not exist in NR. Hence, it seems reasonable to take another look on how to optimize the support of the PRB bundling in NR. 
From the results available in LTE Rel-10, a sweet spot for trading off receiver complexity and performance gain from the PRB bundling could still be 3 PRBs, when 2D MMSE types of channel estimators are used. On the other hand, it could still be desirable to support wide-band precoding in NR PDSCH and PDCCH that allows simpler UE channel estimators, e.g., DFT-based estimators, especially when analog BF is considered for over6GHz. When no CRS-like channels are available in NR, it seems also reasonable to support full-BW PRB bundling for the DMRS used in these applications. In addition, NR should still support 1 PRB granularity for maximizing the performance with channel reciprocity based precoding. 
There are several other aspects that need to be further studied in NR for PRB bundling. 
· MU interference DMRS channel estimation: If no PRB bundling assumption is specified for interference DMRS ports, the baseline would be that interfering precoders are different across different PRBs, which is likely to result in high complexity and poor performance in interference estimation. If gNB can configure different PRG sizes to different UEs, UE may not be able to assume that the interference DMRS PRG size is the same as the PRG size configured for the UE’s PDSCH. Hence, the PRG size indication for interference estimation may need to be further studied. 
· Time-domain precoding granularity: Given that slot aggregation is agreed, slot domain precoder cycling can also be considered as a diversity scheme. On the other hand, for closed-loop operation, applying same precoders across all the slots of a TTI should also be the baseline option. 
Conclusions
This contribution has discussed PRB bundling support in NR, and made the following proposals.
Proposal: 
· [bookmark: _GoBack]NR supports 1-3 PRB precoding granularity as well as full-band precoding granularity.
· RAN1 to further study the following aspects:
· PRB bundling assumption for MU interference
· Time-domain precoding granularity across the slots in a slot aggregation
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