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Introduction
The following agreements are achieved for PRB bundling size for NR DL MIMO transmission. 
Agreements:
· For DL data, support at least a PRB bundling size for precoding equal to a specified value
· FFS whether specified value is system BW dependent
· FFS: Supported values 
· Study further including at least the following:
· FFS PRB bundling size linked to resource allocation granularity (e.g. RBG, etc.)
· FFS whether or not a PRB bundling size equals to all the contiguous scheduled PRBs
· FFS the case of reciprocity based operation
· FFS whether or not a PRB bundling size equals to a configured value(s) irrespective of scheduled PRBs

In this contribution, we further discuss PRB bundling size, especially those FFS parts.
Discussions
It has already been agreed to support a PRB bundling size that is equal to a specified value. The supported values that need to be specified should be further studied. We propose to optimize specified values through evaluation. These evaluations should be conducted with similar assumptions as other NR MIMO evaluation campaign.
Specified values of PRB bundling size should be optimized through evaluation with similar assumptions as other NR MIMO evaluation campaign. 
There is no direct connection between PRB bundling size and system bandwidth. Typically, the gain of PRB bundling is due to the noise cancellation processing of reference signal samples. The gain depends on the window designed for filtering and frequency domain densities of RS. But frequency densities may be related to system bandwidth and even configurable. For example, in high band when there is large amount of frequency resources that could be used, system bandwidth would be large. At the same time, RS frequency density would be very low due to the fact that delay spread may be low in high band. Consequently, PRB bundle need to be large enough for noise filtering gain.
Specified values of PRB bundling size should be related to the corresponding values of densities, rather than directly related to system bandwidth. 
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 the gains. 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 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.
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.
Specified PRB bundling size should also include the large PRB size like contiguous scheduled PRBs. 
Specified PRB bundling size should include the following values (from small to large):	
i.  Resource allocation granularity;
ii. Typical values;
iii. Contiguous scheduled PRBs;
Evaluation Results
[bookmark: _GoBack]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, the gain is diminishing. 4 RB seems to be a relatively good value for cases.
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Conclusions
In this contribution, we provide our views on PRB bundling size. Some initial simulation results are also provided. 
1. Specified values of PRB bundling size should be optimized through evaluation with similar assumptions as other NR MIMO evaluation campaign. 
1. Specified values of PRB bundling size should be related to the corresponding values of densities, rather than directly related to system bandwidth. 
1. Multiple values of PRB bundling size should be specified for flexible tradeoff between bundled processing gain, spatial precoding gain and MU scheduling gain. 
1. PRB bundling size should not be smaller than resource allocation granularity. 
1. Specified PRB bundling size should also include the large PRB size like contiguous scheduled PRBs. 
1. Specified PRB bundling size should include the following values (from small to large):	
0.  Resource allocation granularity;
0. Typical values;
0. Contiguous scheduled PRBs;

[bookmark: _In-sequence_SDU_delivery]Simulation Assumptions
	Assumptions
	Value

	Carrier frequency
	4GHz

	Duplex
	FDD

	Subcarrier spacing
	15kHz

	Number of TXRUs
	TRP = {2}，UE = {2}

	Transmission scheme
	SUMIMO，Rank1

	CSI feedback / Beam management scheme
	Ideal CSI feedback 

	Modulation order, Coding rate
	QPSK (1/2)

	Channel coding scheme
	LTE turbo coding 

	Channel estimation
	Real estimation 

	UE speed
	3 km/h
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