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1 Introduction
In NR ad-hoc 1801 meeting, VRB-to-PRB interleaving function was discussed [1]. One of the remaining issue from the discussion is potential support of the different interleaving functions for different MIMO layers:
	Conclusion:

· Whether or not interleaving depends on the layer number is to be discussed in the MIMO session




In this contribution we demonstrate the performance benefits of supporting different VRB-to-PRB interleaving functions for different MIMO layers and recommend to adopt this as part of the VRB-to-PRB interleaving of NR.
2 Discussion on interleaving
In NR, due to large bandwidth allocations, several codeblocks can be mapped on the same OFDM symbol. To better achieve frequency diversity, VRB-to-PRB interleaving was agreed to be supported for NR. The typical performance benefits of VRB-to-PRB interleaving is provided in Table 1 [2]. 
Table 1: Summary of link-level simulation assumptions

	VRB-to-PRB interleaving gain in dB for BLER = 10%

	Rate
	TDL-A 30ns
	TDL-B 100ns
	TDL-C 300ns

	2/3
	0.81
	0.58
	0.3

	3/4
	0.84
	0.69
	0.3

	5/6
	0.7
	0.65
	0.3


It should be noted that for multiple MIMO layers scenario and the same interleaving function for all MIMO layer, symbols corresponding to the same codeblock will be transmitted over the same set of the physical subcarriers irrespective of the frequency interleaving function. For the spatially correlated channel or channel with frequency selective interference such interleaving approach is not desirable as the symbols of the same codeblock will experience similar SINR patterns. The issue becomes especially pronounced for larger number of MIMO layers and large VRB bundle size. In such scenario, to provide the maximum frequency diversity order, the frequency interleaving function is required to be different across different MIMO layers. In particular, the existing block interleaving function in [3] can be enhanced by using additional cyclic shift, which can be made dependent on the MIMO layer index. 

The proposal is illustrated in Figure 1, where common and different interleaving functions for all MIMO layers are illustrated in more details. It can be seen that using additional cyclic shift in the block interleaver for different MIMO layers maximizes frequency diversity of a given CB transmission. 
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Figure 1: Comparison of common and different interleaving function for different MIMO layers
To illustrate the performance gains for the propose frequency interleaver, 2x2 MIMO system with 2 layer were simulated. The performance of 64QAM modulation in TDL-A 30ns channel model is shown in Figure 2. It can be seen that different interleaving function for different MIMO layers doubles SNR gain by providing additional SNR improvement of 0.8 dB at BLER=0.1. More significant performance improvement are expected when frequency-selective interference is considered. 
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Figure 2: BLER and Throughput for 2 Layer same vs different frequency interleaver in MIMO layers.
Based on the observation above the following proposal can be made:
Proposal:

· VRB-to-PRB interleaving function should be different across different MIMO layers to provide the maximum frequency diversity gains
3 Text Proposal to 38.211
The example of the TP to TS 38.211 is provided below, where the changes are highlighted in red:
	7.3.1.6
Mapping from virtual to physical resource blocks

…
For non-interleaved VRB-to-PRB mapping, virtual resource block 
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 is mapped to physical resource block 
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.

For interleaved VRB-to-PRB mapping, the mapping process is defined in terms of resource block bundles:
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 resource-block bundles in increasing order of the resource-block number and bundle number where 
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 is the bundle size for bandwidth part 
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 provided by the higher-layer parameter VRB-to-PRB-interleaver  and

-
resource block bundle 0 consists of 
[image: image12.wmf](

)

i

i

i

L

N

L

mod

start

BWP,

-

 resource blocks,

-
resource block bundle 
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 resource blocks otherwise,

-
all other resource block bundles consists of 
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Virtual resource blocks of MIMO layer l in the interval 
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-
virtual resource block bundle 
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4 Summary

In this contribution we demonstrate the performance benefits of supporting different VRB-to-PRB interleaving functions for different MIMO layers. Based on the performance evaluation the following proposal is made:

Proposal:

· VRB-to-PRB interleaving function should be different across different MIMO layers to provide the maximum frequency diversity gains
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