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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved.  The technical specifications were agreed during the last RAN meeting. However, we observed some corrections to the text in the agreed specifications.  In addition we provide our views on VRB to PRB mapping in MIMO context.
Impact of Symbol Interleaving in the Coding Chain for NR MIMO
Figure 1 shows the transmission chain of NR MIMO communication system with Nt antenna ports. There are up to 2 transport blocks where the number of transport blocks is equal to one when the number of layers is less than or equal to 4.  If the number of layers is more than 4, then 2 transport blocks are transmitted. The CRC bits are added to each transport block after codeblock segmentation are passed to the LDPC channel encoder. The channel encoder adds parity bits to protect the data. After encoding the data stream is scrambled with user specific scrambling. The interleaved data is passed through a symbol mapper (modulator). The symbol mapper is also controlled by the adaptive controller.  After modulator the streams are passed through a layer mapper and the precoder. Note that previously RAN1 decided not to introduce symbol level interleaver (before precoder) as we didn’t see any gains. However, it was agreed in other session, that RB level interleaver might provide diversity gains. From TS 38.211, the symbol level interleaver is introduced in the coding chain as part of VRB-to-PRB mapping as shown in Figure 1.  From TS 38.211, it was noted that 
For interleaved VRB-to-PRB mapping, the mapping process is defined in terms of resource block bundles:






-	The set of  resource blocks in bandwidth part  with starting position  are divided into  resource-block bundles in increasing order of the resource-block number and bundle number where  is the bundle size for bandwidth part  provided by the higher-layer parameter VRB-to-PRB-interleaver  and

[bookmark: _Hlk504539491]-	resource block bundle 0 consists of  resource blocks,




-	resource block bundle  consists of  resource blocks if  and  resource blocks otherwise,

-	all other resource block bundles consists of  resource blocks.

-	Virtual resource blocks in the interval  are mapped to physical resource blocks according to


-	virtual resource block bundle  is mapped to physical resource block bundle 


-	virtual resource block bundle  is mapped to physical resource block bundle  where 



Once the VRB-to-PRB mapping is completed, the resultant symbols are mapped to the physical resources elements in the time- frequency grid of OFDM. The resultant streams are then passed through IFFT block and then to the antenna ports.
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Figure 1 Transmission coding chain for NR MIMO

The main motivation of VRB-to-PRB mapping is provide frequency diversity gains. This is mainly when the neighbor cell load is very minimal, then we can reduce co-channel interference on the resource elements.  However, in our view with the existing VRB-to-PRB mapping the gains are very minimal or almost zero.   This is because the VRB-to-PRB mapping is same every OFDM symbol in the slot and is same for each MIMO layer.  In our view, we can provide additional diversity if we have an antenna or layer specific VRB-to-PRB mapping. For example, we can specify cyclic shifts in the interleaving mapping function such that each layer can have a different VRB-to-PRB mapping. This can also be achieved if we have a different value of bundle size (L) (signaled through RRC signaling in the existing specification) for each layer. Hence we propose that
Proposal 1:  Layer or antenna port specific VRB-to-PRB mapping should be introduced to provide frequency diversity gains
Proposal 2: The value of bundle size (L) should be configured per each layer for providing more diversity gains
[bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Text Proposal Regarding Layer Mapping in Section 7.3.1.3 in TS 38.211
[bookmark: _GoBack]In section 7.3.1.3, the text captures the layer mapping as below.
	Layer mapping






The UE shall assume that complex-valued modulation symbols for each of the codewords to be transmitted are mapped onto one or several layers according to Table 7.3.1.3-1. Complex-valued modulation symbols  for codeword  shall be mapped onto the layers ,  where  is the number of layers and  is the number of modulation symbols per layer.
[bookmark: OLE_LINK34][bookmark: OLE_LINK38]Table 7.3.1.3-1: Codeword-to-layer mapping for spatial multiplexing.
	Number of layers
	Number of codewords
	Codeword-to-layer mapping



	1
	1
	

	


	2
	1
	

	


	3
	1
	

	


	4
	1
	

	


	5
	2
	

	


	
	
	

	

	6
	2
	

	


	
	
	

	

	7
	2
	

	


	
	
	

	

	8
	2
	

	


	
	
	

	







However, in NR, we have defined only one transmission scheme and have not defined spatial multiplexing, we recommend to the change the title layer mapping as 

	Layer mapping






The UE shall assume that complex-valued modulation symbols for each of the codewords to be transmitted are mapped onto one or several layers according to Table 7.3.1.3-1. Complex-valued modulation symbols  for codeword  shall be mapped onto the layers ,  where  is the number of layers and  is the number of modulation symbols per layer.
                           Table 7.3.1.3-1: Codeword-to-layer mapping for spatial multiplexing
	Number of layers
	Number of codewords
	Codeword-to-layer mapping



	1
	1
	

	


	2
	1
	

	


	3
	1
	

	


	4
	1
	

	


	5
	2
	

	


	
	
	

	

	6
	2
	

	


	
	
	

	

	7
	2
	

	


	
	
	

	

	8
	2
	

	


	
	
	

	







Conclusions
In this contribution we outlined our views on the codeword to layer mapping with antenna/layer specific VRB-to-PRB mapping. Based on our observations we recommend
Proposal 1:  Layer or antenna port specific VRB-to-PRB mapping should be introduced to provide frequency diversity gains
Proposal 2: The value of bundle size (L) should be configured per each layer for providing more diversity gains
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