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Introduction
[bookmark: _Ref378529477]In RAN #80, a new work item on MIMO has been approved. The objective for this WI Is as follows:
	The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives are as follows. 
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)




In RAN1#94bis, the following agreements were made 
Working Assumption
· For PDSCH DMRS and PUSCH DMRS for CP-OFDM, DMRS enhancements are specified in Rel.16 to reduce the PAPR to the same level as for data symbols for all port combinations given by 38.212
· For the Rel-16 DMRS enhancement, each CDM group can be configured with different cinit
· For Type 1, the two cinit (configured by nSCID=0,1, respectively) in Rel-15 are used for port(s) in each of the two CDM groups, respectively
· For Type 2, introduce the CDM group index in cinit 
· FFS: How CDM group index is derived?
· For Type 1 and Type 2, simultaneously use dynamic TRP selection (or MU-MIMO pairing with different nSCID) and CDM group specific cinit is supported
· The following solution categories are precluded 
· Modification of OCC 
· Modification to PN sequence generation, such as subsampling a longer sequence
· Note: Concerns raised by MediaTek that preclusion of the above solutions will negatively impact power imbalance issue
· Carefully consider backward compatibility issues and the total number of cinit configured per UE
· For PUSCH/PUCCH DMRS for pi/2 modulation, new DMRS sequences are specified in Rel.16 to reduce the PAPR to the same level as for data symbols
· Carefully consider channel estimation performance and cross correlation performance
· For the next meeting:
· CSI-RS PAPR reduction
· Whether to specify a solution to reduce the PAPR to the same level as for data symbols for all CSI-RS configurations given by 38.211
· Power imbalance issues
· Power imbalance between PAs, between OFDM symbols, between RE in same OFDM symbol 
· Whether is it in scope of WI and if so, whether to specify a solution

In this contribution, we provide a comprehensive analysis of PAPR for NR. 
Review of PAPR Analysis for DM-RS 
For PAPR analysis, we consider Type -1 DMRS with up to 4 layer transmission.  Figure 1-4 shows the DMRS RE mapping within a resource block for ports 0, 1, 2, and 3 respectively.
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Figure 1 DMRS-RE mapping for port 0
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Figure 2 DMRS-RE mapping for port 1
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Figure 1 DMRS-RE mapping for port 2
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Figure 4 DMRS-RE mapping for port 2

Figure 5 shows the typical RE pattern for rank 4 transmission            
[image: ]  [image: ]
Figure 5 DMRS-RE mapping for rank 4 transmission
 


From Release 15, DMRS sequence is initialized with cinit
[image: ]
That is the random sequence is depends only on symbol index, subframe index, cell Id and the UE id.  That is the sequence generated for each rank is same. Hence in the above patterns, for rank 3 and 4 transmissions, the sequence is repeated as that of rank 1 and 2. This might cause increase in PAPR as shown in the next section. 

 Theoretical Analysis of PAPR
PAPR issue occurs in OFDM systems due to the IFFT operation.  Let x(n) is the input sequence before the IFFT, and y(n) is the sequence at the output.
N-point
IFFT

                                 x(n)                                             y(n)








In general for NR, x(n) is uniformly distributed QAM symbols. From central limit theorem y(n) is Gaussian distributed and the amplitude (square root of power)  is Rayleigh distributed. Let’s say z(n) is  the amplitude at the output of the IFFT, then  PAPR is defined as

                                               [image: ]


Where Zmax is the maximum value of z(n) and Zavg is the mean value of z(n).  Since we assumed QAM constellations, Zavg is equal to unity in NR. Hence PAPR depends only on the maximum value at the output of IFFT.
For PAPR analysis, we are interested in finding the complementary cumulative distribution function (CCDF) , which is defined as 

[image: ]
where F is the CDF of z which given by

[image: ]

Assuming the input to the IFFT and the output of IFFT are i.i.d. random variables, the CDF F(z) can be written as
[image: ]

Since the magnitude is Rayleigh random variable CDF is given by
   [image: ]

Note that CCDF depends on the length of IFFT.  Figure 1 shows the CCDF with N = 4096, with Rayleigh input. For simplicity we assume transmission rank is equal to 1. 


[image: ]
Figure 1 CCDF plot for Rayleigh input with IFFT length equal to 4096 with i.i.d random variables as the input 
Assume the 50 % of input symbols (for the case of rank 3 and rank 4) are repeated, then the CCDF is shown in Figure 2. This is because, the input symbols are no longer i.i.d and the output is not independent Gaussian random variables. In this case, we observed that PAPR is increased by 3 dB when 50 % of the input symbols are repeated. 





[image: ]
Figure 2 CCDF plot for Rayleigh input with IFFT length equal to 4096 with 50% symbols are repeated before the IFFT 


Observation : When the input symbols (precoded) before IFFT are repeated, there is a high probability that PAPR is increased 
Simulation Analysis of PAPR 
For more than 1 layer transmission, we performed link simulation with the exact DMRS structure as that defined for NR Release 15.  The simulation assumptions are shown in Table 1.  Figure 3 shows the PPAR of all the transmission ranks. It can be observed that for transmission rank 3 and 4, there is significant increase of PAPR due to reference symbol repetition among the ports. For rank 4 transmission, the PAPR is increased by 3 dB. One way to solve this is by redesigning the RF chain by taking into account of this 3 dB increase. However, redesigning the RF chain and adding new clipping circuit is not preferred. Hence we propose a new mechanism to avoid the PAPR problem for rank 3 and 4 in the next section.

Table 1 Simulation assumptions
	Assumptions 
	Value 

	Carrier frequency
	4.0 GHz 

	Duplex 
	FDD

	System Bandwidth 
	50 MHz 

	Slot length 
	14 OFDM symbols

	Subcarrier spacing 
	15KHz

	FFT size 
	4096

	Data transmission bandwidth 
	50 RB for 15 KHZ spacing 

	Antenna  configuration
	(4, 4)

	Number of codewords
	1

	Channel encoder
	LDPC code (BG1 and BG2)

	MCS 
	Link adaptation

	Control Overhead 
	2 symbols

	Channel estimation 
	Practical

	UE speed
	3Kmph

	Channel Model
	 TDL-A


[image: ]
Figure 3 CCDF plot for all Transmission ranks 

Observation: PAPR is increased by 3 dB for Rank4 transmission and around 2 dB for rank 3 transmission compared to the lower bound    
Since PAPR for DMRS is a problem, we propose to change the working assumption to an agreement for Release 16
Proposal 1:  Change the working assumption on PAPR to an agreement 
On Solutions to Mitigate PAPR for DMRS  
It can be observed that the main problem with the existing random sequence generation is it is independent of layer/port. If the sequence is dependent on port number/CDM group number (say), then we can avoid repetitions of the random sequence thereby generating independent random sequence at the output of the IFFT.   Hence according to the working assumption, two solutions are envisioned. 

Solutions for Type 1 DMRS: 
For Type 1, it was agreed to have two c_inits    are used for port (s) in each of CSDM group respectively. However
The impact of this technique on downlink control channel is not yet clear.  How the UE is signaled about these two c_inits is not clear. We propose two alternatives to solve this problem

Alternative 1: Add an additional bit for the indicating the c_init for the second CDM groups. In this        technique, the network can dynamically switch the CDM groups with different c_inits

Alterative 2: Map the c_init to a fixed value of CDM group and remove the bit for indicating nSCID.   
Note that in this technique, we are reverting an agreement made few meetings back about mandating nSCID for all configurations to achieve MU-MIMO gain. 

Since Alternative 1 is backward compatible, i.e. when the scheduled CDM group is equal to 1, then only one bit is used similar to Release 15, we prefer Alternative 1. Hence we propose

Proposal 2:  For Type 1 DMRS, add an additional bit in the Release 15 DCI to indicate the nSCID for the second CDM group
Proposal 3:  For Type 1 DMRS, When the CDM group is equal to one, only one bit is used in the DCI to indicate nSCID

Solutions for Type 2 DMRS: 
For Type 2 DMRS, it was agreed that c_init is a function of CDM group, 
For example, if the cinit is a function of port/CDM group index

[image: ]
We can generate independent random sequences for each CDM rank/CDM group/port.  Figure 4 shows the proposed improvement for all ranks compared to the Release 15, it can be observed we can reduce the PAPR by 3dB for transmission rank =4 and is equal to the lower bound. Hence we propose to change the random sequence generation for DMRS sequence such that it is dependent on the CDM group index.  We are fine to choose the function F(.) as any function will solve the PAPR problem. As an example we recommend to choose F(x) = x, as one potential solution.


[image: ]
Figure 4 CCDF plot for all Transmission ranks

Proposal 4:  For Type 2 DMRS, incorporate CDM group index in the c_init equation with F (CDM group) = CDM group

PAPR Analysis for CSI-RS 
We observed that even for CSI-RS, random sequences are repeated for certain ports. From the above analysis. However, in our view, the CSI-RS density is very low in an OFDM symbol and data is always multiplexed on the OFDM symbol. As an example take the case of 4 CSI-RS ports where only 2 REs are used for CSI-RS for ports 0 and 1 and remaining REs are used for data. Hence in this case, the PAPR problem is not that much severe.   However note that there might be several CSI-RS resources are used in the same OFDM symbol, for example finding the beam index, port virtualization etc. 

Figure 5 shows the PAPR with 16.67% repetition and 50% repetition for 4 CSI-RS ports, it can be observed that in this case the PAPR is increased by 1 dB compared to the data. Hence we propose that CSI-RS sequence initialization should dependent on port index thereby reducing the PAPR for CSI-RS. 
[image: ]
Figure 5 CCDF plot for Rayleigh input with IFFT length equal to 4096 with 50 and 16.67% symbols are repeated before the IFFT

Hence we propose

Proposal 5:  CSI-RS sequence initialization should depend on the port index for achieving low PAPR 

[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution we analysed the PAPR problem for higher ranks  
[bookmark: _Ref450342757]Based on our observations, we have the following proposal:
Proposal 1:  Change the working assumption on PAPR to an agreement 
[bookmark: _GoBack]
Proposal 2:  For Type 1 DMRS, add an additional bit in the Release 15 DCI to indicate the nSCID for the second CDM group
Proposal 3:  For Type 1 DMRS, When the CDM group is equal to one, only one bit is used in the DCI to indicate nSCID
Proposal 4:  For Type 2 DMRS, incorporate CDM group index in the c_init equation with F (CDM group) = CDM group
Proposal 5:  CSI-RS sequence initialization should depend on the port index for achieving low PAPR 
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