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[bookmark: _Toc525637944]Introduction
[bookmark: _GoBack]A working assumption was made in RAN1#95 with the scope to reduce PAPR for DMRS to same level as for data. We support the working assumption by the evaluation results findings in this contribution. In this contribution, we discuss Rel-16 enhancements to RS PAPR reductions by presenting additional simulation results. We focus on the following evaluations: 
· Wide band precoding and sub-band precoding
· Power amplifier (PA) clipping impact to Rel-15 DMRS ports
· Implementation-based solutions to Rel-15 DMRS PAPR reduction 
· Specification-based solutions to Rel-15 DMRS PAPR reduction
[bookmark: _Toc525637945]Discussion
Performance of Wideband precoding vs sub-band precoding
For PAPR reduction, it has been discussed in RAN1 that subband precoding may reduce the impact of the repetitive RS structure of Rel-15 The reason is that the precoder may change per PRG and thereby randomize the actually transmitted RS (RS times the precoder) across the scheduled bandwidth. A common claim is that subband precoding is superior to wideband precoding and therefore it is the natural choice for high performing transmission (at the expense of largely increased CSI feedback overhead).
Therefore, in the first part of this section, we compare the link performance of wideband precoding and sub-band precoding in the same scenario. The sub-band precoder may be favoured due to the fact that the precoder may match the channel frequency selectivity better than the wideband precoders. However, compared with the wideband precoder it also has the drawbacks in some scenarios, such as
1) The channel estimation filter is limited within the precoder PRG size, which leads to limited channel estimation processing gain. 
2) The precoder selection in the CSI feedback is carried out per sub-band. Due to the limited CSI RS resources in the sub-band, the accuracy of sub-band PMI estimation is challenged, which may impact the link-adaptation performance. 
Figure 1 to Figure 3 show that in a 4 x 4 MIMO transmission, with practical channel estimations that are confined in the precoder bundle size, the link adaptation throughputs of wide and sub-band precoding are rather similar to each other in different delay spread channels. In high SNR regime, due to the higher processing gain of wideband CE, wideband precoding even shows slightly throughput gain when high order MCS is used. In [6], similar wideband precoding gain has been observed. 
[image: ]
[bookmark: _Ref525547064]Figure 1. Link adaptation throughput: WB vs SB precoding
4 x 4 MIMO, 30 kHz, 26 PRB Bandwidth, practical CE  
[image: ]
Figure 2. Link adaptation throughput at high SNR: WB vs SB precoding
4 x 4 MIMO, 30 kHz, 26 PRB Bandwidth, practical CE  
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[bookmark: _Ref525547206]Figure 3. Link adaptation throughput at low SNR: WB vs SB precoding
4 x 4 MIMO, 30 kHz, 26 PRB Bandwidth, practical CE  
In order to peel off the impact of practical channel estimations, we show the wideband and sub-band precoding comparison while using ideal channel estimator in Figure 4. The impact of wideband CE has been removed which confirms the preference of sub-band precoder over wideband. 
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[bookmark: _Ref525547456]Figure 4. Link adaptation throughput: WB vs SB precoding, 
ideal CE, 4 x 4 MIMO, TDL-A 300ns
Based in these results, we observe:
[bookmark: _Toc525637946]Wideband and sub-band precoding are similar to each other in practice. Although sub-band precoding matches the channel frequency selectivity closely, its limitation to the channel estimation filter size brings limited CE processing gain compared to the wideband precoding.  
Based on this, one can conclude that wideband precoding is an important configuration to have good support for in specifications (without PAPR problem), due to the good channel estimation performance properties, low CSI overhead and lower UE complexity to compute PMI. Hence, using subband precoding as a non-specification based remedy to the PAPR problem is not recommended. 
PA clipping impact to Rel-15 DMRS ports with WB and SB precoding
[image: ]
[bookmark: _Ref525555725]Figure 5. Release-15 DMRS ports mapping within OFDM symbol
In this section, we focus on the PA clipping impact to the DMRS ports mapping. In brevity, the PA clipping function clips the instantaneous signal amplitude if it surpasses a certain threshold given by the PA characterises. 
The principle reason that PAPR is increased when Rel-15 DMRS port 0 and 2 are mapped is that the same sequence has been structurally repeated in the frequency domain, as shown in the Figure 5. When the clipping happens at the DMRS symbols, CE performance will significantly degrade, which affects the throughput. Therefore, intuitively speaking, the clipping on DMRS symbols will degrade the performance more significantly than that on the data symbols. We aim to investigate on this issue by simulations.   
In the meanwhile, we may wonder that if the sub-band precoder over the frequency can randomize the DMRS sequences such that the PAPR is reduced. Therefore, we wish to observe the clipping impact on both the wideband and sub-band precoder and find out if the sub-band precoder can mitigate the throughput loss. 
We focus on the following two comparisons in the simulations shown in Figure 6-Figure 7:
· The clipping impact on rank-2 limited transmission with DMRS port 0 and 2 for both WB and SB precoding,
· The clipping impact on rank-2 limited transmission for SB precoding, comparing the mapping DMRS port 0 and 2, with port 0 and 1. 
[image: ]
[bookmark: _Ref525559506]Figure 6. Clipping impact on WB and SB precoding, DMRS port 0 and 2, rank = [1, 2], 15kHz, 106PRBs
[image: ]
[bookmark: _Ref525559509]Figure 7. Clipping impact on SB precoding, DMRS port 0 and 2, rank = [1, 2], 15kHz, 106PRBs

[bookmark: _Toc525637947]Sub-band precoding suffers the same level from PA clipping as the wideband precoding, when DMRS port 0 and 2 are used in a rank 2 transmission. Hence, subband precoding does not seem to be able to reduce the PAPR problem
[bookmark: _Toc525637948]The clipping on port combination 0 and 2 is more severe compared to the port combination 0 and 1, due to higher PAPR caused by sequence repetition in the frequency domain.  
The reason why subband precoding is not effective is that the randomization is not sufficient. When subband PMI feedback is used, there will still be repetitions of the RS sequence in frequency domain, e.g. within a PRG.
Implementation-based solutions to Rel-15 DMRS PAPR reduction
From the previous sections, it is shown that the DMRS port combination of 0 and 2 will cause serious throughput degradation due to the sequence repetition in the frequency domain. In this section, we investigate the throughput enhancement of some implementation-based solution, as well as the drawbacks of it. 
The major reason that the PAPR is increased when the port combination 0 and 2 has been used is that the sequence is structurally repeated in the frequency. Therefore, in order to avoid the repetition without degrading channel estimation performance, we can introduce a linear phase shift over the whole frequency band for one of the repeated sequences, e.g., port-2. Specifically, a small cyclic delay diversity (CDD) precoder can be applied for the port-2 as well as the PDSCH layer that associated with it, such that the total phase shift over the whole bandwidth is . We refer to this solution as the CDD solution hereafter and investigate the throughput enhancement by applying it. By such means, an important issue is that the CDD solution brings extra implementation complexities which needs to be considered in practice. 
Evaluations shown in Figure 8 and Figure 9 focus on the following impact:
1) CDD precoder enhancement to sub-band precoders at different clipping threshold;
2) Impact of system bandwidth to the CDD solution, e.g., Figure 8 shows the throughput while implementing CDD over 106 PRBs (20MHz system bandwidth using 15kHz subcarrier) and Figure 9 shows the throughput while implementing CDD over 12 PRBs (10MHz system bandwidth using 60kHz subcarrier).  
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[bookmark: _Ref525565345]Figure 8. CDD precoder applied on the DMRS port-2, SB precoder on DMRS port 0 and 2, 
15kHz, 106PRBs, practical channel estimation
[image: ]
[bookmark: _Ref525565348]Figure 9. CDD precoder applied on the DMRS port-2, SB precoder on DMRS port 0 and 2, 
60kHz, 12PRBs, practical channel estimation
[bookmark: _Toc525637949]When small CDD solution is applied, the CDD-like precoder has to be applied on DMRS ports as well as the associated PDSCH or PUSCH layers, i.e. in all OFDM symbols and subcarriers in the slot Therefore, a very large baseband computational burden  is introduced by using this method.   
[bookmark: _Toc525637950]Small CDD precoder based solution is able to mitigate the throughput loss due to PA clipping. The solution is robust against system bandwidth and subcarrier spacing from 10 to 20MHz, and from 15 to 60kHz, respectively.
Specification based solutions to Rel-15 DMRS PAPR reduction
In this section, we explore another solution which brings low complexity to implementations while introducing a specification change. As explained in the company paper [4], if we flipped the signs of the sequences selectively as shown in Figure 10, the PAPR can be reduced while the ports from different CDM groups are used. We hereby focus on the throughput enhancement of this method instead of repeating the PAPR reduction results presented in [4]. 

[image: ]
[bookmark: _Ref525568491]Figure 10. Extensions of Rel-15 DMRS sequence to solve the DMRS PAPR issue.
Figure 11 shows the throughput enhancement by applying the specification-based solution, in which the enhancement is visible at the rank 2 transmission case at high SNR. Figure 12 compares the specification-based solution and the implementation-based solution in the same scenario. The specification based solution has significatntly lower computational burden at the transmitter since operations are only needed for the DMRS and not on the RE containing PDSCH or PUSCH.
[image: ]
[bookmark: _Ref525570013]Figure 11. Specification based solution evaluations: throughput enhancement for port combination 0 and 2, 
4 x 2 MIMO, TDL-A channel with high spatial correlation, 100ns, 60kHz, 12PRBs (10MHz BW)
[image: ]
[bookmark: _Ref525571618]Figure 12. Specification based solution compared with CDD solution with the same clipping threshold, 4 x 2 MIMO, TDL-A channel with high spatial correlation, 100ns, 60kHz, 12PRBs (10MHz BW)
[bookmark: _Toc525637951]A specification-based solution as proposed in [4] can improve the throughput significantly by reducing the PAPR at the DMRS symbols to the same level as the data-only symbols.
[bookmark: _Toc525637952]Compared with the implementation-based solution, i.e., CDD precoder, the specification-based solution achieves even higher throughput with significantly lower complexity and computation burden at the transmitter. 

[bookmark: _Toc525637953]Conclusion
In this contribution, we discussed Rel-16 enhancements to the RS PAPR issue from evaluations perspective. 
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