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Introduction
The following agreements are achieved for PRB bundling size for NR DL/UL MIMO transmission. 
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 further discuss PRB bundling size.
Discussions
It has already been agreed to support configurable PRB bundling size for DL. 
For UL codebook based transmission, one of the major differences lies in the fact the precoding is not decided by UE, but rather by gNB. The size is not necessary to be explicitly configured. Through indication of TPMI, the corresponding bundling size is implicitly indicated.
For UL non-codebook based transmission, it is typically related to scenarios where beam correspondence or UL/DL reciprocity holds. Under such conditions, PRB bundling could be assumed to be always on for scheduled contiguous bandwidth. There is no obvious reason to turn off the PRB bundling for such conditions.
From these analysis, we have the following proposal.
For UL CP-OFDM based transmission, PRB bundling size is not explicitly configured.
· For codebook based transmission, PRB bundling size is implicitly determined through TPMI. 
· For non-codebook based transmission, PRB bundling size is equal to scheduled contiguous bandwidth.
For configuration of DL PRB bundling size, if we would like to achieve the bundled RS processing gain, consecutive PRBs should be allocated. Spatial processing and MU scheduling gains would be influenced. There is a tradeoff between these gains and potential losses.
i. Spatial processing gain. The optimal way to spatially process data is to pre-code per PRB. Multiple RBs using the same precoding would result in losses. There are trade-offs between spatial gain and noise cancellation gain. It may depend on the SNR of individual UE. When we specify several values of PRB bundling size, the flexibility of trade-off could be left to implementation. 
ii. MU scheduling gain. MU scheduling gain comes from the fact that transmission on the RB that UE experiences high SNR would largely increase the system throughput. When consecutive PRBs are required to be allocated to the same UE, it would not be possible for the system to achieve MU gain within the bundled PRB. The gains achieved may rely on various implementation issues, like whether UE feedback the PRB level CSI, how the gNB scheduler is designed and even the deployment (whether frequency selectivity is large enough to achieve the MU-gain). Thus specification should specify several values and leave selection of values to implementation. 
If the scheduler decides that there are large MU scheduling and SU spatial processing gain with finer granularity, then it uses smaller bundle and if it decides that there is no MU gain, then larger bundle is used to achieve RS processing gain.
Multiple values of PRB bundling size should be specified for flexible tradeoff between bundled processing gain, spatial precoding gain and MU scheduling gain. 
For the relationship between resource allocation granularity and resource bundling, resource allocation granularity is defined to reduce DCI load. If it is not desired to increase 1 bit per PRB for resource indication, then the necessity of increase more bits for precoding matrix indication per PRB would not be justified. Thus, there is no need to define PRB bundling size smaller than resource allocation granularity.
DL PRB bundling size should not be smaller than resource allocation granularity. 
If the phase and amplitude of precoding matrix could be guaranteed to be continuous, then the PRB bundling size could be quite large without too much performance loss. PRB bundling size does not necessarily mean precoding is exactly the same but it’s possible that UE could do channel estimation within the bundle. For TDD reciprocity case, this is especially important since it is possible to directly construct precoding matrix based on continuous channel variation in frequency domain. The specified values should also include these cases, with bundled processing of contiguous scheduled PRBs.
DL PRB bundling size should also include the large PRB size like contiguous scheduled PRBs. 

Evaluation Results
The following figure provides some initial evaluation results. From the figure it could be seen that with larger bundling size it is clear that there is some gains. But with increasing PRB bundling size, especially for cases with PRB bundling size greater than 10 PRB, the gain is diminishing. So we have the following proposal
The largest PRB bundling size is 10 PRB or contiguous scheduled PRBs.
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Conclusions
In this contribution, we provide our views on PRB bundling size. Some initial simulation results are also provided. 
1. For UL CP-OFDM based transmission, PRB bundling size is not explicitly configured.
· For codebook based transmission, PRB bundling size is implicitly determined through TPMI. 
· For non-codebook based transmission, PRB bundling size is equal to scheduled contiguous bandwidth.
Multiple values of PRB bundling size should be specified for flexible trade-off between bundled processing gain, spatial precoding gain and MU scheduling gain. 
DL PRB bundling size should not be smaller than resource allocation granularity. 
[bookmark: _GoBack]DL PRB bundling size should also include the large PRB size like contiguous scheduled PRBs. 
The largest PRB bundling size is 10 PRB or contiguous scheduled PRBs.

[bookmark: _In-sequence_SDU_delivery]Simulation Assumptions
	Assumptions
	Value

	Carrier frequency
	4GHz

	Duplex
	FDD

	Subcarrier spacing
	15kHz

	BS antenna config
	(M,N,P)=(1,1,1)

	UEantenna config
	(M,N,P)=(1,1,1)

	Channel estimation
	Real estimation 
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