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Introduction
In the WID on enhancements on MIMO [1], one of the objectives is to make conclusion on whether to specify RS enhancement for PAPR reduction as follows
· 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 provide our analysis on both DMRS and CSI-RS PAPR issues for CP-OFDM. 
Discussion
DMRS PAPR
In NR phase I, for CP-OFDM, two DMRS types were introduced and can support maximum 4 and 6 orthogonal ports respectively if one DMRS symbol is used. As shown in Figure 1, the same PN sequences are mapped on the adjacent two and three CDM groups for type 1 and type 2 respectively.
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Figure 1 NR DMRS sequence mapping in Rel-15 NR
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Figure 2 Subcarrier basis sequence mapping
For the scheduling of a large number of PRBs with wide-band PRB bundling, the PAPR issue was pointed out and subcarrier basis sequence generation was proposed [2] as shown in Figure 2. In order to compare the PAPRs of two methods, we provide CCDF curves for the ratio of power to average power in Figure 3, where CCDF, i.e. Complementary Cumulative Distribution Function is used to count the possibility of ratio larger than a threshold. In the simulation, 100 PRBs are assumed, and the phase of the precoder factor per each Tx is a random value within range 0 - 2pi. 4 layers and 6 layers are assumed for DMRS type 1 and type 2 respectively. The red curve and the black curve are for Rel-15 NR sequence, the overlapping curves, i.e. the green curve and cyan curve are for subcarrier basis sequence mapping.
  [image: dmrs_100rb]
Figure 3 CCDF of the ratio of power and average power for DMRS
Based on above simulation results, higher PAPR is caused by the NR sequence mapping in the case wide-band PRB bundling, and about 2 dB gap can be found at 10-4 possibility. This may be the benefit if the sequence mapping of NR phase I is enhanced.
In order to further verify how much performance gap between two sequence generation, the throughput results are provided as shown in Figure 4. Following parameters are assumed in the simulation:
one symbol for DMRS type 1, 4 layers with DMRS port 0-3, 100 PRB, 8 dB clipping threshold which is the very typical value, 64QAM and cod rate = 1/2
[image: ]
Figure 4 Throughput comparison with 8dB clipping threshold
Based on Figures 3 and 4, although PAPR by the subcarrier basis sequence mapping is reduced, especially at lower possibility, only marginal performance difference is observed between the current NR sequence and the subcarrier basis sequence mapping. That’s because the possibility of PAPR higher than 8dB is very low for both sequence mapping. 
In addition, the backward compatibility may be a critical issue for the enhancement of the sequence mapping. Since Rel-15 UE cannot know the sequence of co-scheduled Rel-16 users when Rel-15 users and Rel-16 users are co-scheduled in the overlapping PRBs, these users with different sequence generations cannot be multiplexed within the same CDM group. Or else, orthogonality cannot be guaranteed. For FDM between users with different sequence generations, Mu-interference estimation is not feasible. 
Observation 1: In the case of full power scheduling and wide-band PRB bundling, change of sequence mapping for NR DMRS can reduce PAPR but does not introduce obvious performance gain if 8dB clipping threshold is used, and will cause some issues of backward compatibility. 
Based on the above analysis, we propose not to enhance the DMRS sequence mapping.
Proposal 1: Do not support the enhancement of DMRS sequence mapping.
 CSI-RS PAPR
CSI-RS sequence mapping in NR is very similar with the DMRS type 2 as shown in Figure 5a for 8 port CSI-RS. However, data can be mapped on the remaining REs in CSI-RS symbol if CSI-RS does not occupy the all REs. Figure 5b shows the subcarrier basis sequence mapping which may reduce PAPR compared with Figure 4a.
[image: ]
(5a) NR sequence                          (5b) Subcarrier basis sequence mapping  
Figure 5 CSI-RS sequence mapping
In Figure 6, we provide the compared simulation results between NR sequence mapping and subcarrier basis sequence mapping. In the simulation, 100 PRBs are assumed, and the phase of precoder factor of each Tx for CSI-RS is a random value within the range 0 - 2pi. From the results, we can see PAPR is reduced by the new sequence mapping.  
[image: csi]
Figure 6 The ratio of power and average power for CS-RS
However, similar to DMRS, the possibility of PAPR larger than 8dB is very low, the performance gain will not be introduced by the new sequence mapping. 
In addition, CSI-RS can be shared among UEs although it is UE specifically configured. If the new sequence mapping is used for Rel-16 UEs, that means the same CSI-RS resource cannot be shared among users with different sequence mapping. Then, the CSI-RS overhead will be doubled. Furthermore, the PAPR issue only exists in the full power transmission case. gNB can avoid such wide-band CSI-RS scheduling with unaffordable PAPR since partial-band CSI-RS and flexible CSI-RS power configuration are supported after all.
[bookmark: _GoBack]Based on the above analysis, the case of full power CSI-RS transmission with high PAPR should be justified as a real deployment first, and check if the throughput gain can be introduced by the suitable clipping threshold, wherein CSI-RS overhead issues should be considered.
Proposal 2: Do not support the enhancement of CSI-RS sequence mapping.
Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide our views to enhancement of PAPR reduction on DMRS and CSI-RS. 
Observation 1: In the case of full power scheduling and wide-band PRB bundling, change of sequence mapping for NR DMRS can reduce PAPR but does not introduce obvious performance gain if 8dB clipping threshold is used, and will cause some issues of backward compatibility. 
Proposal 1: Do not support the enhancement of DMRS sequence mapping.
Proposal 2: Do not support the enhancement of CSI-RS sequence mapping.
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