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1. Introduction
The work item on NR MIMO enhancement has been approved in RAN#80 [1]. The enhancement for NR MIMO has the following objective:
· 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)
In this contribution we share our views on the PAPR issue of different reference signals.
2. Evaluation on DMRS sequence mapping 
In Rel-15 spec [2], it is specified that for each DL/UL DMRS of CP-OFDM waveform configured, the UE shall assume the sequence 
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           for the UL
The current specified resource specific mapping in Rel-15 results in a way that the sequence mapped to one CDM group is copied to other CDM groups. This may lead to high PAPR/CM when different ports associated with different CDM groups  are mapped to physical antennas sharing the same PA, e.g. port 0(CDM group0)  and port 2(CDM group1). This issue is basically the same for both Type 1 and Type 2 DMRS configuration, the difference is that for Type 2 configuration, CDM group2 can be either empty or multiplexed with data precoded the same way as the DMRS. Also this PAPR issue will occur when scheduling two layers using the port 0 and port2 as well as scheduling more than 2 layers with multiple DMRS antenna ports mapped to the same PA. 
In [5][6], the issue had been raised and discussed where one proposed solution is RE specific mapping, and another way is CDM group specific mapping, which theoretically may solve the problem. These proposed schemes are evaluated in this paper, where both the CCDFs of the PAPR/CM and the power-to-average power ratio are given as metrics. 
The different mapping schemes are illustrated in Figure 1.
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                                                 Figure1. The DMRS sequence mapping of different mapping schemes
Simulation assumptions:

	DMRS bandwidth
	10MHz   (50PRBs)

	DMRS configuration type
	1 or 2

	Tx antenna number
	4 or 8

	Random data modulation type
	QPSK

	Precoder
	Defined in [4],  fixed , see details in the Annex

	Baseline 
	CP-OFDM  (Rayleigh distributed amplitude)

	DMRS port allocation
	Type1: [0 2][0 1 2 3]
Type2: [0 2],[0 1 2],[0 1 2 3],[0 1 2 3 4 5], [0 1 2 3 6 8]


Simulation results:
1）R15 mapping method of port allocations{ [0 2],[0 1 2],[0 1 2 3],[0 1 2 3 4 5] }  (Type2 )
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a) PAPR  
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b)  CM
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c) power-to-average ratio

	

	Figure 2.  PAPR/CM performance of the different port allocations of  R15 mapping method (Type2 )


Observation 1:
The current mapping method increases the PAPR significantly  by 2-4dB at the 99.9% percentile when 2-6 layers are multiplexed in one symbol with Type2 configuration. The performance of power-to- average ratio also degrades by about 2dB which increases the possibility of clipping for Crest Factor ReductionCFR (assuming the threshold for the clipping is usually 6dB-9dB). 
Proposal 1: 

Enhancement on the current DMRS mapping scheme should be considered to improve the PAPR/CM performance.

2） different mapping schemes of port allocation [0 2] (Type1 )
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a) PAPR  
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b)  CM
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	Figure 3.  PAPR/CM performance of the port allocations [0 2] (Type1)


3） different mapping schemes of port allocation [0 1 2 3] (Type1 )
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a)PAPR  
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b)  CM
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	Figure 4.  PAPR/CM performance of the port allocations [0 1 2 3] (Type1)


4） different mapping schemes of port allocation [0 2] (Type2)
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a) PAPR  
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b)  CM
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	Figure 5.  PAPR/CM performance of the port allocations [0 2] (Type2)


5） different mapping schemes of port allocation [0 1 2 3 4 5] (Type2 ) 
in this case, 3 CDM groups are occupied.
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a) PAPR  
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b)  CM
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	Figure 6.  PAPR/CM performance of the port allocations [0 1 2 3 4 5] (Type2)


6） different mapping schemes of port allocation [0 1 2 3 6 8] (Type2 )
in this case, 2 CDM groups are occupied.
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a) PAPR  
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b)  CM
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	Figure 7.  PAPR/CM performance of the port allocations [0 1 2 3 6 8] (Type2)


Observation 2:
Multiplexing with data in the non-active CDM group(s) of DMRS can alleviate the performance degradation by 0.5-1dB with respect to no data multiplexing.
Observation 3:
Either RE specific mapping or CDM group specific mapping scheme can solve this issue by simply making different sequence mapping to different CDM groups, and system performance of DMRS can be enhanced.
3. Evaluation on CSI-RS sequence mapping
In Rel-15 spec [2], it is specified that for each CSI-RS resource configured, the UE shall assume the sequence 
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Almost the same as DMRS, the current specified resource specific mapping of CSI-RS in Rel-15 also results in a way that the sequence mapped to one CDM component is copied to other CDM components of one CSI-RS resource. This may lead to a high PAPR/CM issue when different CSI-RS ports are mapped with the same sequence and the same OCCs are applied. For example, a 1-symbol 8-port CSI-RS resource has the same sequence used for all ports (port #0-port#7) before applying OCC, and after FD-OCC is applied, the same sequence are mapped for all odd numbered ports or even numbered ports.  For non-precoded CSI-RS, one port comes only from one CDM component, so this is no PAPR/CM issue. But when precoded CSI-RS is used, the PAPR issue would occur when ports from different CDM components are multiplexed through the same PA. Since the different polarized antennas are usually precoded separately, half of the ports would be multiplexed through the same PA for two polarizations array. When multiplexed with data, the data of each layer would be transmitted through all antennas, and this will help to reduce the PAPR/CM of the CSI-RS. So the worst case for a precoded CSI-RS is 12 ports CSI-RS consisting of 6 CDM components in the same symbol, thus 6ports of 3CDM components shall be multiplexed through the same PA for each antenna. Since the PAPR may significantly impact the CSI-RS transmit power with a reduced PA efficiency and the potential loss of the cell coverage, and the CSI acquisition performance would degrade too. 

In [7], the issue had been raised and discussed in Rel-15, but not much focused on PAPR/CM issue. To solve this PAPR/CM problem from the sequence mapping perspective, similar to DMRS, one reasonable solution is RE specific mapping, and another way is CDM group specific mapping, which theoretically may solve the problem. Here we give our evaluations on the performance of these mapping schemes of different scenarios as well. Both the CCDFs of the PAPR/CM and the power-to-average power ratio are given as metrics. 

The different mapping schemes are illustrated in Figure 8 with an example of an 8-port CSI-RS resource mapping in one symbol.
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                                         Figure8. The CSI-RS sequence mapping of different mapping schemes
Simulation assumptions:

	CSI-RS bandwidth
	10MHz   (50PRBs)

	CSI-RS ports 
	4 ,8 or 12 

	Tx antenna layout
	32 (4,4,2)

	Random data modulation type
	QPSK

	Precoder
	Defined in [4],  fixed, see details in the Annex

	Baseline 
	CP-OFDM  (Rayleigh distributed amplitude)

	CSI-RS power boosting
	3dB 


Simulation results:
1） R15 mapping method of different port allocations
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a)PAPR  
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	Figure 9.  PAPR/CM performance of the different port allocations of  R15 mapping method 


Observation 4:
The current mapping method increases the PAPR by 2-3.5dB at the 99% percentile when 2 or 3 CDM components are multiplexed in one symbol.The performance of power-to- average ratio also degrades by about 2dB which increases the possibility of clipping for CFR (assuming the threshold for the clipping is usually 6dB-9dB).

Proposal 2: 

Enhancement on the current CSI-RS mapping scheme should also be considered to improve the PAPR/CM performance.

2） different mapping schemes of  8 ports CSI-RS
	[image: image29.emf]6 7 8 9 10 11 12 13 14

10

-4

10

-3

10

-2

10

-1

10

0

Peak to Average ratio[dB]

CCDF

CSI-RS 8 ports 

 

 

CP-OFDM

R15 mapping method

resource specific

CDM specific method
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b)  CM
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	Figure 10.  PAPR/CM performance of the different mapping methods of 8 ports CSI-RS 


3） different mapping schemes of  12 ports CSI-RS
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	Figure 11.  PAPR/CM performance of the different mapping methods of 12 ports CSI-RS 


Observation 5:
Either RE specific mapping or CDM specific mapping scheme can solve this issue by simply make different sequence mapping to different CDM components of the CSI-RS resource, and system performance can be enhanced.

4. Discussion on backward compatibility

Sequence mapping method:
· For DMRS, port 0 (DL) and port 1000 (UL) are used before RRC configuration for both DL and UL.  The sequence mapping on port 0 (DL) and port 1000 (UL) should not be changed . For CSI-RS, there are no such concerns.
· For DMRS, since the sequence mapping to REs of different DMRS ports between Rel-15 and Rel-16 may be different, the orthogonality of ports using TD/FD OCC may not be maintained, so this lead to the scheduling restrictions when apply MU-MIMO to multi-users that only FDM-ed ports can be allocated.
· For CSI-RS, it would make port sharing more difficult to achieve.
Proposal 3:  
· Sequence mapping scheme for the enhancement should take the above issues into account. 
5. Conclusions

In this contribution we give our evaluations on the PAPR/CM performance of the current RS mapping schemes and the potential mapping schemes.
For DMRS PAPR issue:
· Observation 1:
The current mapping method increases the PAPR significantly  by 2-4dB at the 99.9% percentile when 2-6 layers are multiplexed in one symbol with Type2 configuration. The performance of power-to- average ratio also degrades by about 2dB which increases the possibility of clipping for Crest Factor ReductionCFR (assuming the threshold for the clipping is usually 6dB-9dB). 

· Proposal 1: 

Enhancement on the current DMRS mapping scheme should be considered to improve the PAPR/CM performance.
· Observation 2:
Multiplexing with data in the non-active CDM group(s) of DMRS can alleviate the performance degradation by 0.5-1dB with respect to no data multiplexing.
· Observation 3:
Either RE specific mapping or CDM group specific mapping scheme can solve this issue by simply making different sequence mapping to different CDM groups, and system performance of DMRS can be enhanced.
For CSI-RS PAPR issue:

· Observation 4:
The current mapping method increases the PAPR by 2-3.5dB at the 99% percentile when 2 or 3 CDM components are multiplexed in one symbol.The performance of power-to- average ratio also degrades by about 2dB which increases the possibility of clipping for CFR (assuming the threshold for the clipping is usually 6dB-9dB).

· Proposal 2: 

Enhancement on the current CSI-RS mapping scheme should also be considered to improve the PAPR/CM performance.

· Observation 5:
Either RE specific mapping or CDM specific mapping scheme can solve this issue by simply make different sequence mapping to different CDM components of the CSI-RS resource, and system performance can be enhanced.
Proposal 3: 

· Sequence mapping scheme for the enhancement should take the backward compatibility issues into 

account.
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7. Annex of the precoders used in the simulation 

· PRECODERS FOR THE DMRS EVALUATION
1.  4TX   2 layers

precoder =

   0.3536 + 0.0000i   0.3536 + 0.0000i

   0.3536 + 0.0000i  -0.3536 + 0.0000i

   0.2500 - 0.2500i   0.2500 - 0.2500i

  -0.2500 + 0.2500i   0.2500 - 0.2500i

2. 4TX   3 layers

precoder =

   0.2887 + 0.0000i  -0.2041 + 0.2041i  -0.2887 + 0.0000i

   0.2887 + 0.0000i   0.2041 - 0.2041i   0.2041 - 0.2041i

   0.2887 + 0.0000i   0.2887 + 0.0000i  -0.2041 + 0.2041i

   0.2041 - 0.2041i   0.2887 + 0.0000i  -0.2041 + 0.2041i

3. 4TX   4 layers

precoder =

   0.2500 + 0.0000i   0.1768 - 0.1768i   0.2500 + 0.0000i   0.1768 - 0.1768i

   0.2500 + 0.0000i  -0.1768 + 0.1768i   0.2500 + 0.0000i  -0.1768 + 0.1768i

   0.2500 + 0.0000i   0.1768 - 0.1768i  -0.2500 + 0.0000i  -0.1768 + 0.1768i

   0.2500 + 0.0000i  -0.1768 + 0.1768i  -0.2500 + 0.0000i   0.1768 - 0.1768i

4. 8TX   2 layers

precoder =

   0.2500 + 0.0000i   0.2500 + 0.0000i

   0.2500 + 0.0000i  -0.2500 + 0.0000i

   0.2310 - 0.0957i   0.2310 - 0.0957i

   0.0957 + 0.2310i  -0.0957 - 0.2310i

   0.1768 - 0.1768i   0.1768 - 0.1768i

  -0.1768 + 0.1768i   0.1768 - 0.1768i

   0.0957 - 0.2310i   0.0957 - 0.2310i

  -0.2310 - 0.0957i   0.2310 + 0.0957i

5. 8TX   3 layers

precoder =

   0.2041 + 0.0000i   0.2041 + 0.0000i   0.0000 - 0.2041i

   0.2041 + 0.0000i   0.2041 + 0.0000i  -0.2041 + 0.0000i

   0.2041 + 0.0000i   0.0000 + 0.2041i   0.2041 + 0.0000i

   0.2041 + 0.0000i   0.2041 + 0.0000i  -0.2041 + 0.0000i

   0.0000 - 0.2041i   0.2041 + 0.0000i  -0.2041 + 0.0000i

   0.2041 + 0.0000i   0.2041 + 0.0000i   0.2041 + 0.0000i

   0.2041 + 0.0000i  -0.2041 + 0.0000i   0.0000 + 0.2041i

  -0.2041 + 0.0000i   0.2041 + 0.0000i  -0.2041 + 0.0000i

6. 8TX   4 layers

precoder =

   0.1768 + 0.0000i   0.1250 - 0.1250i   0.1768 + 0.0000i   0.1250 - 0.1250i

   0.1768 + 0.0000i  -0.1250 + 0.1250i   0.1768 + 0.0000i  -0.1250 + 0.1250i

   0.1768 + 0.0000i   0.1250 - 0.1250i  -0.1768 + 0.0000i  -0.1250 + 0.1250i

   0.1768 + 0.0000i  -0.1250 + 0.1250i  -0.1768 + 0.0000i   0.1250 - 0.1250i

   0.1633 - 0.0677i   0.0677 - 0.1633i   0.1633 - 0.0677i   0.0677 - 0.1633i

  -0.0677 - 0.1633i   0.1633 + 0.0676i  -0.0677 - 0.1633i   0.1633 + 0.0676i

   0.1633 - 0.0677i   0.0677 - 0.1633i  -0.1633 + 0.0677i  -0.0677 + 0.1633i

  -0.0677 - 0.1633i   0.1633 + 0.0676i   0.0677 + 0.1633i  -0.1633 - 0.0676i

7. 8TX   6 layers

precoder =

   0.1443 + 0.0000i   0.0000 - 0.1443i   0.1443 + 0.0000i   0.1443 + 0.0000i   0.0000 - 0.1443i   0.1443 + 0.0000i

   0.1443 + 0.0000i   0.0000 - 0.1443i   0.1443 + 0.0000i  -0.1443 + 0.0000i   0.0000 + 0.1443i  -0.1443 + 0.0000i

   0.1443 + 0.0000i  -0.1443 + 0.0000i   0.1443 + 0.0000i   0.1443 + 0.0000i  -0.1443 + 0.0000i   0.1443 + 0.0000i

   0.1443 + 0.0000i  -0.1443 + 0.0000i   0.1443 + 0.0000i  -0.1443 + 0.0000i   0.1443 + 0.0000i  -0.1443 + 0.0000i

   0.1443 + 0.0000i   0.1443 + 0.0000i   0.0000 + 0.1443i   0.1443 + 0.0000i   0.1443 + 0.0000i   0.0000 + 0.1443i

   0.1443 + 0.0000i   0.1443 + 0.0000i   0.0000 + 0.1443i  -0.1443 + 0.0000i  -0.1443 + 0.0000i   0.0000 - 0.1443i

   0.1443 + 0.0000i  -0.1443 + 0.0000i  -0.1443 + 0.0000i   0.1443 + 0.0000i  -0.1443 + 0.0000i  -0.1443 + 0.0000i

   0.1443 + 0.0000i  -0.1443 + 0.0000i  -0.1443 + 0.0000i  -0.1443 + 0.0000i   0.1443 + 0.0000i   0.1443 + 0.0000i
· PRECODERS FOR THE CSI-RS EVALUATION

1. Precoder  for 2 ports CSI-RS
precoder=1/sqrt(2)*
   0.2500 + 0.0000i   0.2500 + 0.0000i

   0.2500 + 0.0000i   0.2500 + 0.0000i

   0.2500 + 0.0000i   0.2500 + 0.0000i

   0.2500 + 0.0000i   0.2500 + 0.0000i

   0.2500 + 0.0000i   0.0000 - 0.2500i

   0.2500 + 0.0000i   0.0000 - 0.2500i

   0.2500 + 0.0000i   0.0000 - 0.2500i

   0.2500 + 0.0000i   0.0000 - 0.2500i

   0.2500 + 0.0000i   0.2500 + 0.0000i

   0.2500 + 0.0000i   0.2500 + 0.0000i

   0.2500 + 0.0000i   0.2500 + 0.0000i

   0.2500 + 0.0000i   0.2500 + 0.0000i

   0.2500 + 0.0000i   0.0000 - 0.2500i

   0.2500 + 0.0000i   0.0000 - 0.2500i

   0.2500 + 0.0000i   0.0000 - 0.2500i

0.2500 .0000i   0.0000 - 0.2500i

2. Precoder for 4 ports CSI-RS 
precoder=1/sqrt(4)*
   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i

   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i

   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i

   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i

   0.2500 + 0.0000i   0.0000 - 0.2500i   0.2500 + 0.0000i  -0.2500 + 0.0000i

   0.2500 + 0.0000i   0.0000 - 0.2500i   0.2500 + 0.0000i  -0.2500 + 0.0000i

   0.2500 + 0.0000i   0.0000 - 0.2500i   0.2500 + 0.0000i  -0.2500 + 0.0000i

   0.2500 + 0.0000i   0.0000 - 0.2500i   0.2500 + 0.0000i  -0.2500 + 0.0000i

   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2310 - 0.0957i   0.1768 - 0.1768i

   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2310 - 0.0957i   0.1768 - 0.1768i

   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2310 - 0.0957i   0.1768 - 0.1768i

   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2310 - 0.0957i   0.1768 - 0.1768i

   0.2500 + 0.0000i   0.0000 - 0.2500i   0.2310 - 0.0957i  -0.1768 + 0.1768i

   0.2500 + 0.0000i   0.0000 - 0.2500i   0.2310 - 0.0957i  -0.1768 + 0.1768i

   0.2500 + 0.0000i   0.0000 - 0.2500i   0.2310 - 0.0957i  -0.1768 + 0.1768i

0.2500 .0000i   0.0000 - 0.2500i   0.2310 - 0.0957i  -0.1768 + 0.1768i

3. Precoder for 6 ports CSI-RS 

precoder=1/sqrt(6)*

   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i

   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i

   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i

   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2500 + 0.0000i

   0.2500 + 0.0000i   0.0000 - 0.2500i   0.2500 + 0.0000i  -0.2500 + 0.0000i   0.2500 + 0.0000i   0.0000 - 0.2500i

   0.2500 + 0.0000i   0.0000 - 0.2500i   0.2500 + 0.0000i  -0.2500 + 0.0000i   0.2500 + 0.0000i   0.0000 - 0.2500i

   0.2500 + 0.0000i   0.0000 - 0.2500i   0.2500 + 0.0000i  -0.2500 + 0.0000i   0.2500 + 0.0000i   0.0000 - 0.2500i

   0.2500 + 0.0000i   0.0000 - 0.2500i   0.2500 + 0.0000i  -0.2500 + 0.0000i   0.2500 + 0.0000i   0.0000 - 0.2500i

   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2310 - 0.0957i   0.1768 - 0.1768i   0.0957 - 0.2310i  -0.0957 + 0.2310i

   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2310 - 0.0957i   0.1768 - 0.1768i   0.0957 - 0.2310i  -0.0957 + 0.2310i

   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2310 - 0.0957i   0.1768 - 0.1768i   0.0957 - 0.2310i  -0.0957 + 0.2310i

   0.2500 + 0.0000i   0.2500 + 0.0000i   0.2310 - 0.0957i   0.1768 - 0.1768i   0.0957 - 0.2310i  -0.0957 + 0.2310i

   0.2500 + 0.0000i   0.0000 - 0.2500i   0.2310 - 0.0957i  -0.1768 + 0.1768i   0.0957 - 0.2310i   0.2310 + 0.0957i

   0.2500 + 0.0000i   0.0000 - 0.2500i   0.2310 - 0.0957i  -0.1768 + 0.1768i   0.0957 - 0.2310i   0.2310 + 0.0957i

   0.2500 + 0.0000i   0.0000 - 0.2500i   0.2310 - 0.0957i  -0.1768 + 0.1768i   0.0957 - 0.2310i   0.2310 + 0.0957i

0.2500 .0000i   0.0000 - 0.2500i   0.2310 - 0.0957i  -0.1768 + 0.1768i   0.0957 - 0.2310i   0.2310 + 0.0957i

4. Precoder for random data

precoder_data =

   0.1768 + 0.0000i

  -0.0676 - 0.1633i

  -0.1250 + 0.1250i

   0.1633 + 0.0677i

   0.0000 + 0.1768i

   0.1633 - 0.0676i

  -0.1250 - 0.1250i

  -0.0677 + 0.1633i

  -0.0676 - 0.1633i

  -0.1250 + 0.1250i

   0.1633 + 0.0677i

   0.0000 - 0.1768i

   0.1633 - 0.0676i

  -0.1250 - 0.1250i

  -0.0677 + 0.1633i

   0.1768 + 0.0000i

  -0.1250 + 0.1250i

   0.1633 + 0.0677i

   0.0000 - 0.1768i

  -0.1633 + 0.0676i

  -0.1250 - 0.1250i

  -0.0677 + 0.1633i

   0.1768 + 0.0000i

  -0.0676 - 0.1633i

   0.1633 + 0.0677i

   0.0000 - 0.1768i

  -0.1633 + 0.0676i

   0.1250 + 0.1250i

  -0.0677 + 0.1633i

   0.1768 + 0.0000i

  -0.0676 - 0.1633i

  -0.1250 + 0.1250i
_1599500467.unknown

_1599502688.unknown

_1599498968.unknown

