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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In previous meetings [1-4], following agreements have been achieved for DMRS
	[bookmark: OLE_LINK21][bookmark: OLE_LINK20]NR#88 meeting
Agreements:
· Support DMRS bundling in time domain
· At least time domain bundling with slot aggregation of DL-only slots is supported
· DMRS pattern within the first slot is not impacted by the time domain DMRS bundling
· FFS: Consider further overhead reduction of DMRS in case of bundling in time domain
NR#88bis meeting
Agreements:
· Support ZC-sequence for UL DFT-s-OFDM DMRS
NR#90 meeting 
Agreements:
· For broadcast/multicast PDSCH:
· Additional DMRS is always present (Alt. 1)
· FFS: location and number of additional DMRS
Conclusion:
· For broadcast/multicast PDSCH (other than PBCH), the PDSCH is transmitted with a single DMRS port: 
· Companies are encouraged to perform more analysis/evaluations. To conclude the DM-RS pattern in the next RAN1 meeting
Agreements:
· NR supports FDM between DMRS and PDSCH for CP-OFDM at least for some cases
· FFS the conditions for this feature
· NR supports FDM between DMRS and PUSCH for CP-OFDM at least for some cases
· FFS the conditions for this feature
· NR supports signaling for PDSCH rate matching in DMRS symbols
· FFS details
NR#3 meeting
Working assumption
· For broadcast/multicast PDSCH (other than PBCH): support using the front-load DMRS Configuration 1
· FFS: Whether the above applies for unicast PDSCH transmission before RRC connection


In this contribution we provide some detailed analyses and evaluation results of DMRS for data channels, including broadcast/multicast PDSCH (other than PBCH), multiplexing between DMRS and PDSCH/PUSCH, DMRS in time domain bundling, and sequence design for DFT-s-OFDM.
DMRS of broadcast/multicast PDSCH 
In previous meetings, it has been agreed that the PDSCH is transmitted with a single DMRS port for broadcast/multicast PDSCH (other than PBCH), and only one front-load (FL) DMRS configuration is supported, with down selection from
· Alt.1: 1-symbol FL DMRS Configuration 1  
· Alt.2: 2-symbol FL DMRS Configuration 2
Moreover, for additional DMRS, it has been agreed that 
· Alt.1: Additional DMRS is always present 
· FFS location and number of additional DMRS 
In NR#3 meeting, there is a working assumption that supporting Alt.1 as the FL DMRS for broadcast/multicast PDSCH (other than PBCH). However, for the sake of channel estimation accuracy, we propose to revise the working assumption and reconsider a DMRS pattern with higher density, e.g., Alt.2 or a new DMRS pattern with one whole symbol. In the following, we will provide some evaluation results and concerns for the FL DMRS and the number of additional DMRS, respectively.
Down selection of broadcast/multicast PDSCH FL DMRS
In this subsection, we first discuss the FL DMRS for broadcast/multicast PDSCH. Considering additional DMRS is anyway needed for high Doppler scenario, we will evaluate the FL DMRS and additional DMRS jointly to investigate the overall system performance. 
[bookmark: OLE_LINK133][bookmark: OLE_LINK130]The candidate FL DMRS configurations are shown in Fig. 1, i.e., FL DMRS Alt.1 and Alt.2 with 2 additional DMRS, where PDCCH is assumed as 2 symbols. The issue of exact number of additional DMRS symbol will be discussed later. 
[image: ]
Fig. 1 FL DMRS patterns of broadcast/multicast PDSCH
[bookmark: OLE_LINK121]In the simulation, a downlink 2Tx 2Rx OFDM system with CDL-A channel is assumed, with a carrier frequency of 4GHz and sub-carrier spacing of 30 kHz. Rank-1 case is adopted for simulation, and the constellation is fixed as QPSK (according to LTE). All candidates are operated with a same TB size as 256. In this way, the DMRS RE overhead is taken into consideration of the overall system performance. Moreover, delay spread as 1000ns and moving speed as 500km/h are adopted to investigate the system performance for the worst use case. More detailed simulation assumptions are provided in Appendix A. 
[image: C:\Users\r00401378\Desktop\SIB1_selected\2T2R_4G30k_A1000_500k_TBS256.PNG]
[bookmark: OLE_LINK127]Fig. 2 BLER comparisons between FL DMRS Alt.1 and Alt.2 with 2 additional DMRS symbols.
[bookmark: OLE_LINK128]Figure 2 gives the BLER performances of Alt.1 and Alt.2 with 2 additional DMRS. As can be observed, compared to Alt.1, about 0.6dB gain can be achieved by Alt.2 at BLER=10^-2 with 30 kHz subcarrier spacing. This is mainly because that, although Alt2 is with lower density in frequency domain, it can obtain additional performance gain provided by TD-OCC, i.e., additional 3dB power enhancement can be obtained in channel estimation, resulting in a better performance. Not that, for Rank-1, as DMRS of Alt.2 are with cover code {1, 1}, this OCC gain can be obtained at UE as an UE behaviour, and thus should be considered when evaluating Alt.2.
[bookmark: OLE_LINK132]Observation 1: Configuration 2 with 2 symbols (Alt.2) achieves better performance than Configuration 1 with 1 symbol (Alt.1), e.g., about 0.6dB gain can be achieved at BLER=10^-2 with 30kHz subcarrier spacing, owing to the 3dB power enhancement provided by TD-OCC. 
Moreover, in NR, the default pattern will need to support various numerologies. For example, it may also be used with a large subcarrier spacing, such as 60 kHz subcarrier spacing. In this case, the DMRS density in frequency domain (FD) of current Alt.1 and Alt.2 may not sufficient. Therefore, to provide satisfactory performance in various scenarios, a new pattern design with higher density is needed. Figure 3 gives a new DMRS pattern with higher frequency density (named as Alt.3), where DMRS occupies one whole symbol for FL DMRS. In the following, we will evaluate Alt.3 with Alt.1 and Alt.2.  
[image: ]
Fig. 3 A new broadcast/multicast PDSCH DMRS with higher FD density.
In the simulation, a downlink 4Tx 2Rx OFDM system with CDL-A channel is assumed, with subcarrier spacing of 60 kHz and carrier frequency of 4GHz and 30GHz, respectively. Rank-1 is considered with the constellation as QPSK. All patterns are considered with MCS=0. Moreover, delay spread as 1000ns and moving speed as 500km/h are adopted to investigate the system performance for the worst use case. More detailed simulation assumptions are provided in Appendix A. 
[image: C:\Users\r00401378\Desktop\SIB1_selected\4T2R_4G60k_A1000_500k_TBS256.PNG][image: C:\Users\r00401378\Desktop\SIB1_selected\4T2R_30G60k_A1000_500k_TBS256.PNG] 
Fig. 4 BLER performances of Alt.1, Alt.2, and Alt.3 with large subcarrier spacing.
Figure 4 gives the BLER performances of considered DMRS patterns with 60 kHz subcarrier spacing. It can be observed that, for a large subcarrier spacing, Alt.3 achieves the best performance compared to Alt.2 and Alt.1. For example, about 1dB gain can be achieved at BLER = 10^-2 for 30GHz carrier frequency, and more than 0.6dB gain can be achieved at BLER = 10^-2 for 4GHz carrier frequency. The main performance gain lies in the higher density of Alt.3 in frequency domain, which provides better estimation performance in frequency domain when subcarrier spacing is large. Considering the default DMRS will be used in various numerologies, Alt.3 should be supported. 
Observation 2: With large subcarrier spacing, Alt.3 (one whole symbol for FL DMRS) outperforms Alt.1 and Alt.2, e.g., about 1dB gain can be achieved at BLER = 10^-2 with subcarrier spacing as 60 kHz.
Furthermore, we also consider some other scenarios to further compare Alt.1 and Alt.3 (with 2 additional DMRS). 
In Fig. 5, a downlink 2Tx 2Rx OFDM with CDL-A channel is assumed with carrier frequency of 30GHz and subcarrier spacing of 120 kHz. Rank-1 is considered with the constellation as QPSK. All patterns are considered with MCS=0. Delay spread as 1000ns and moving speed as 500km/h are assumed. More detailed simulation assumptions are provided in Appendix A. It could be observed that, compared to Alt.1, more than 1dB gain can be achieved by Alt.3 at BLER=10^-2. The main reason of this performance gain owing to the higher density of Alt.3 in frequency domain, whereas the frequency density of Alt.1 is not density enough to capture the frequency selectivity with a large subcarrier spacing. 
[image: C:\Users\r00401378\Desktop\2T2R_30G120k.PNG]
Fig. 5 Further comparison between BLER performances of Alt.1 and Alt.3.
[bookmark: OLE_LINK1]In Fig. 6, a downlink 4Tx 4Rx OFDM with CDL-A channel is assumed with carrier frequency of 30GHz, subcarrier spacing of 60 kHz, delay spread as 1000ns, and moving speed as 500km/h. QPSK and MCS=0 are assumed for Alt.1 and Alt.3 with 2 additional DMRS. See Appendix A for detailed simulation conditions. As can be observed, with larger number of receiver antennas, both Alt.1 and Alt.3 can achieve 10^-2 BLER at lower SNR due to the array gain at the receiver side. In particular, about 1.25dB gain can be observed at BLER=10^-2 for Alt.3 comparing to Alt.1. This is mainly because that the system performance is more sensitive to the channel estimation accuracy at very low SNR, and thus Alt.3 with higher density is more preferred.
[image: C:\Users\r00401378\Desktop\4T2R_30G60k.PNG]
Fig. 6 Further comparison between BLER performances of Alt.1 and Alt.3 with 4Tx 4Rx.
Based on above results, it can be found that Alt.3 is more robust to high moving speed, large delay spread, and large subcarrier spacing. Considering default DMRS needs to support numerous numerologies and should always provide good enough performance, we thus propose to revise the working assumption and support Alt.3 as the FL DMRS before configuration.
Proposal 1: 	For broadcast/multicast PDSCH (other than PBCH), revise the working assumption and support Alt.3 (one whole symbol for DMRS) as FL DMRS. 
Number of additional DMRS
In this subsection, evaluation results are provided to FFS of the number of additional DMRS symbol. Figure 7 illustrates some examples of additional DMRS, where Alt.3 is considered as FL DMRS.
[image: ]
Fig. 7 An example of additional DMRS configurations of broadcast/multicast PDSCH
In the simulation, a downlink 4Tx 2Rx OFDM system with CDL-A channel is assumed. The delay spread as 1000ns and the moving speed as 500km/h are adopted to investigate the performance for the worst use case. The carrier frequency is 4GHz and sub-carrier spacing is 15kHz. All candidates are operated with the same TB size as 256. More detailed simulation assumptions are provided in Appendix A.   
 [image: C:\Users\r00401378\Desktop\1.png]
Fig. 8 BLER performances of Alt.3 with different number of additional DMRS.
Figure 8 gives the BLER performances of FL DMRS Alt.3 with 0/1/2/3 additional DMRS. It can be observed that, 2 additional DMRS (Time Density=3) outperforms 0/1/3 additional DMRS at 500km/h. The main benefit of 2 additional DMRS lies in its moderate DMRS density in time domain, which provides a good tradeoff between channel estimation accuracy and DMRS overhead. For 3 additional DMRS case, its high DMRS density incurs a higher code rate which degrades the BLER performance with increased SNR. Whereas, for 1 additional DMRS, it can be found the DMRS density in time domain is not sufficient to get satisfactory performance, especially at the low SNR region. In this way, 2 additional DMRS is a good tradeoff. 
Observation 3: For broadcast/multicast PDSCH (other than PBCH) at a moving speed of 500km/h, 2 additional DMRS provides the best performance compared to 0/1/3 additional DMRS.
Moreover, it can be noticed that, for the moving speed of 500km/h, the FL DMRS without additional DMRS (Time Density=1) is failed to achieve BLER=10^-1, which means the additional DMRS is anyway need considering the high Doppler scenario. Taking into account the robust estimation performance and signalling/RS overhead, 2 additional DMRS which are always present is thus preferred.
Proposal 2: For broadcast/multicast PDSCH (other than PBCH), support 2 additional DMRS are always present.  
Multiplexing between DMRS and PDSCH/PUSCH 
In NR #90 meeting [2], there are FFS of conditions for FDM between DMRS and PDSCH/PUSCH for CP-OFDM. In this section, we will provide some performance comparisons and discussions for both DL and UL. 
In the following, a 14-symbol slot with only front-loaded DMRS is discussed, where FDM and TDM between FL DMRS with 1 or 2 symbols and PDSCH/PUSCH are both considered: 
1. FDM: DMRS and data are FDMed, where the unused DMRS REs are used for data transmission;
2. TDM: DMRS and data are TDMed, where the unused DMRS REs are used for power boosting.
Examples of considered cases are given in Fig. 9 and Fig. 10, where (a) and (b) denote the FDM case and (c) and (d) denote the TDM case. In this following, we will discuss the FL DMRS configurations with 1 and 2 symbol(s), respectively.
[image: ] 
Fig. 9 An example of FDM/TDM multiplexing schemes of DMRS Configuration 1/2 with one OFDM symbol.
[image: ]
Fig. 10 An example of FDM/TDM multiplexing schemes of DMRS Configuration 1/2 with two OFDM symbols.
Multiplexing between 1-symbol FL DMRS and PDSCH/PUSCH  
We first discuss the multiplexing scheme between 1-symbol FL DMRS and PDSCH/PUSCH in a 14-symbol slot, as shown in Fig.9. In this simulation, a 4Tx 4Rx downlink OFDM system with CDL-A channel and delay spread as 300/1000ns is assumed, with a carrier frequency of 4GHz and sub-carrier spacing of 15 kHz. The used constellations is 16QAM, and considered code rates are 0.5 and 0.75, respectively. More detailed parameters can be found in Appendix B. Figure 11 and 12 give the results of DMRS type 1 and type 2 with 1 symbol for DL.
[image: D:\00+mywork\0+5G_RAN1\#90 2017.Aug. 21-25\#90 HW tdoc\5G177 Evaluation results of DMRS design for DL data channel\multiplexing_4T4R_1s_A300.PNG]
Fig. 11 Throughput performances of different multiplexing schemes with 1-symbol pattern for DL (CDL-A/300ns)
[image: D:\00+mywork\0+5G_RAN1\#90 2017.Aug. 21-25\#90 HW tdoc\5G177 Evaluation results of DMRS design for DL data channel\multiplexing_4T4R_1s_A1000.PNG]
Fig. 12 Throughput performances of different multiplexing schemes with 1-symbol pattern for DL (CDL-A/1000ns)
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]It can be observed that, for a 14-symbo DL slot with only 1 symbol FL DMRS, with different delay spreads and code rates, the FDM multiplexing scheme achieves similar throughput performances as the TDM scheme in low SNR region, and achieves better performance in most of SNR region, e.g., maximum 6% gain can be achieved between Config2-1 with different multiplexing schemes. The main reason of this performance gain is that the DMRS density of FL DMRS pattern is sufficient to provide channel estimation accuracy and thus the gain of DMRS power boosting is negligible. Whereas, FDM scheme that provides more REs for data transmission can directly improve the spectral efficiency, and thus is more preferred.
Similar performances gain can be observed for UL. Figures 13 and 14 give the performances of different multiplexing schemes of 1-symbol FL DMRS in a 14-symbol UL slot. A 4Tx with 8Rx UL OFDM system is considered, and CDL-A channel with delay spread as 300/1000ns is assumed. The carrier frequency is 4GHz and the sub-carrier spacing is 15 kHz. The used constellations is 16QAM, and considered code rates are 0.5 and 0.75, respectively. More detailed parameters can be found in Appendix B.
[image: D:\00+mywork\0+5G_RAN1\#90 2017.Aug. 21-25\#90 HW tdoc\5G179 UL DMRS evaluation for data channel\C90_UL_multiplexing_A300_16Q.PNG]
Fig. 13 Throughput performances of different multiplexing schemes with 1-symbol pattern for UL (CDL-A/300ns)
[image: D:\00+mywork\0+5G_RAN1\#90 2017.Aug. 21-25\#90 HW tdoc\5G179 UL DMRS evaluation for data channel\C90_UL_multiplexing_A1000_16Q.PNG]
Fig. 14 Throughput performances of different multiplexing schemes with 1-symbol pattern for UL (CDL-A/1000ns)
It can be observed that, for UL, the 1-symbol patterns with FDM multiplexing scheme achieve similar or slightly better throughput performances than the TDM scheme at in low SNR region, and outperform the FDM schemes in most of SNR region, e.g., maximum 6% gain can be achieved between Config2-1 with FDM and TDM multiplexing schemes. Compared to the TDM scheme whose performance gain is limited due to high enough density of FL DMRS, FDM scheme is thus more preferred for providing more REs for data transmission.
Observation 4: For a DL/UL 14-symbol slot with only 1-symbol FL DMRS,
· In low SNR region, FDM multiplexing scheme achieves similar throughput performances as TDM multiplexing scheme.
· In most of SNR region, FDM multiplexing scheme outperforms TDM multiplexing scheme in terms of throughput performance, e.g., maximum 6% gain for DMRS Configuration 2 with 1 symbol.
As above, we discuss the case that only FL DMRS is configured in a 14-symbol slot. Considering the case that one or several additional DMRS are configured, it is obvious to conclude that FDM between DMRS and data will provide more spectrum efficiency due to more DMRS overhead. Therefore, based on the above results, we have the following proposal
Proposal 3: For CP-OFDM, at least for the case that 1-symbol FL DMRS is configured without additional DMRS in a 14-symbol slot, FDM between DMRS and PDSCH/PUSCH should be supported.
Multiplexing between 2-symbol FL DMRS and PDSCH/PUSCH  
Then, we discuss the multiplexing scheme between 2-symbol FL DMRS and PDSCH/PUSCH in a 14-symbol slot, as shown in Fig. 10. In this simulation, an 8Tx with 4Rx/UE downlink MU-MIMO OFDM system is considered, and CDL-A channel with delay spread as 300/1000ns is assumed, where the carrier frequency is 4GHz and sub-carrier spacing is 15 kHz. The used constellations is 16QAM, and considered code rates are 0.5 and 0.75, respectively. More detailed parameters can be found in Appendix B. Figure 15 and 16 give the results of 2-symbol FL DMRS for DL.
[image: D:\00+mywork\0+5G_RAN1\#90 2017.Aug. 21-25\#90 HW tdoc\5G177 Evaluation results of DMRS design for DL data channel\multiplexing_8T8R_2s_A300.PNG]
Fig. 15 Throughput performances of different multiplexing schemes with 2-symbol pattern for DL (CDL-A/300ns)
[image: D:\00+mywork\0+5G_RAN1\#90 2017.Aug. 21-25\#90 HW tdoc\5G177 Evaluation results of DMRS design for DL data channel\multiplexing_8T8R_2s_A1000.PNG]
Fig. 16 Throughput performances of different multiplexing schemes with 2-symbol pattern for DL (CDL-A/1000ns)
It can be noticed that, for a DL 14-symbol slot with 2-symbol FL DMRS, FDM multiplexing scheme achieves similar throughput performances as the TDM scheme in low SNR region, and outperform the FDM schemes in most of SNR region. Specifically, for the maximum throughput, about 13.3% gain can be achieved for Config2-2 with different multiplexing schemes. The main performance gain lies in the high density of FL DMRS which provides satisfactory channel estimation accuracy. In this case, the gain of DMRS power boosting is negligible, while FDM reserves more REs for data transmission can directly improve the spectral efficiency. 
Figure 17 and 18 give the results for UL. In this simulation, a 4Tx with 8Rx UL OFDM system is considered, and CDL-A channel with delay spread as 300/1000ns is assumed, where the carrier frequency is 4GHz and sub-carrier spacing is 15 kHz. The used constellations is 16QAM, and considered code rates are 0.5 and 0.75, respectively. More detailed parameters can be found in Appendix B.
[image: D:\00+mywork\0+5G_RAN1\#90 2017.Aug. 21-25\#90 HW tdoc\5G179 UL DMRS evaluation for data channel\C90_UL_multiplexing_2symbol_4T8R_2ports_A300_16Q.PNG]
Fig. 17 Throughput performances of different multiplexing schemes with 2-symbol pattern for UL (CDL-A/300ns)
[image: D:\00+mywork\0+5G_RAN1\#90 2017.Aug. 21-25\#90 HW tdoc\5G179 UL DMRS evaluation for data channel\C90_UL_multiplexing_2symbol_4T8R_2ports_A1000_16Q.PNG]
Fig. 18 Throughput performances of different multiplexing schemes with 2-symbol pattern for UL (CDL-A/1000ns)
It can be found that, similar to DL, FDM multiplexing scheme outperforms the FDM schemes in most of SNR region for UL. Specifically, for the maximum throughput, about 13.3% gain can be achieved by Config2-2 with FDM compared to TDM scheme. The main reason is that FDM can reserve more REs for data transmission, which provides considerable performance gain compared to further improving the channel estimation accuracy while current DMRS density is enough. Moreover, if one or more additional DMRS are configured, it is easy to find that FDM between DMRS and PDSCH/PUSCH will provide obvious benefits.
Observation 5: For a DL/UL 14-symbol slot with only 2-symbol FL DMRS,
· In low SNR region, FDM multiplexing scheme achieves better or similar throughput performances as TDM multiplexing scheme.
· In most of SNR region, FDM multiplexing scheme outperforms TDM multiplexing scheme in terms of throughput performance, e.g., maximum 13.3% gain for DMRS Configuration 2 with 2 symbols.
Based on the above results and observations, we thus have the following proposal 
Proposal 4: For CP-OFDM, at least for the case that 2-symbol FL DMRS is configured without additional DMRS in a 14-symbol slot, FDM between DMRS and PDSCH/PUSCH should be supported.
DMRS bundling in time domain 
It has been agreed that DMRS bundling in time domain is supported in NR. Similar to frequency domain bundling, joint DMRS estimation within the time domain bundling size can achieve better estimation accuracy. To further reduce RS overhead and improve system efficiency, shifted DMRS in different TI can be designed to guarantee channel estimation performance. In the shifted DMRS scheme, the mapping of a given DMRS port in adjacent TIs is mapped with a fixed shift. In this way, estimation accuracy of DMRS can be greatly improved by interpolation between TIs. An example of shifted DMRS mapping (1-symbol FL DMRS configuration 2) is shown in Fig. 19.
[image: ]
Fig.19 An example of shifted DMRS mapping
[image: ][image: ]
Fig. 20 Performance gain of DMRS port mapping shifting
In Fig. 20, we provide the BLER performance of Config.2-1symbol DMRS pattern with and without mapping shift across adjacent TTIs. In the simulation, a 4T4R SU (Rank-2) downlink OFDM system with CDL-A 1000ns and 300ns channels are assumed, respectively. A carrier frequency of 4 GHz and sub-carrier spacing of 15 kHz are assumed, and the used MCS order is 20. As can be seen, estimation accuracy can be greatly improved by interpolation of DMRS between TTIs in frequency selective channels. For example, compared to the scheme without DMRS mapping shifting, the one with DMRS mapping shifting can achieve about 1.5dB SNR gain at 0.1 BLER in CDL-A 1000ns channel and more than 1dB SNR gain at 0.1 BLER in CDL-A 300ns channel, respectively.
Observation 6:  Compared to without DMRS mapping shifting, DMRS mapping shifting can achieve about 1.5dB SNR gain at 0.1 BLER in CDL-A 1000ns channel and more than 1dB SNR gain at 0.1 BLER in CDL-A 300ns channel, respectively. 
Based on the simulation results and analysis above, we have the following proposal,
Proposal 5: For time domain DMRS bundling, DMRS port mapping shifting in the bundled TTIs should be supported.
Sequence for DFT-s-OFDM 
In RAN1#88bis, ZC sequence was agreed to be used for DMRS for the UL DFT-s-OFDM [4]. It was already observed in the LTE era that the PAPR of the ZC sequences is similar to that of QPSK data symbols. Therefore, for QPSK or higher order modulation, the PAPR of DMRS will not be worse than PUSCH data. For pi/2 BPSK PUSCH data, as shown in Fig.21, DMRS (i.e., ZC sequence) without FDSS gets much worse PAPR than pi/2 BPSK data with RRC filter or T-RRC (Truncated RRC) filter. 
[image: ]
Fig. 21 pi/2-BPSK and DMRS PAPR behavior with and without FDSS
Two methods were discussed in previous RAN1 meetings to improve the PAPR of DMRS for pi/2 BPSK PUSCH. One is using pi/2 BPSK sequence instead of ZC sequence. Another one is to apply FDSS filter to DMRS, just like the PUSCH does. Since it is already agreed in RAN1#90 that FDSS function is an implementation issue, this implies that the FDSS function should be conveyed by DMRS. Therefore, we have the following two candidate alternative schemes:
· Alt1: use pi/2-BPSK sequences for the DMRS, and apply the same FDSS filter as for the data
· Alt2: use ZC DMRS sequences, and apply the same FDSS filter as for the data
An example for the PSDs of the DMRS using the two alternatives listed above and two types of FDSS filters is presented in Fig. 22. Details on the simulation assumptions, including the PA model, can be found in [5]; the FDSS filter parameters used (RRC and T-RRC), can be found in [6]. The associated ACLR (Adjacent Channel Leakage Ratio) values are listed in Table 1. Clearly, although Alt.1 gets better ACLR performance, both Alt.1 and Alt.2 can fulfill the ACLR requirement (i.e., 30dB), wherein Alt.2 does not require sequence modification.  
[image: ]
Fig. 22 PSD with Modified Rapp PA model for the two DMRS alternatives
Table 1 The ACLR for data channel with DMRS 
(Modified Rapp model, 30PRB, 2 DMRS symbols in each 14-symbol slot)
	
	Alt1 (RRC)
	Alt1 (T-RRC)
	Alt2 (RRC)
	Alt2 (T-RRC)

	ACLR (dB)
	35.3
	32.5
	32.8
	30.4


From the above simulations, we can see both Alt.1 and Alt.2 fulfill the requirements of ACLR, and the ACLR performance highly depends on the filter implementation. Although Alt.1 gets better ACLR performance, the special design of the DMRS sequence only for pi/2-BPSK modulation might complicate the NR specification and constrain UE pairing with different modulation schemes, i.e., considering CDM-ed DMRS ports, then an UE with pi/2 BPSK PUSCH cannot be scheduled for MU-MIMO transmission with UEs using other modulation schemes. Considering its minor PAPR benefit, we do not think it is a worthwhile solution.
Observation 7: For DFT-s-OFDM with pi/2-BPSK and FDSS, ZC-based DMRS with FDSS achieves a good PAPR and ACLR performance.
Observation 8: pi/2-BPSK sequence based DMRS will complicate the NR specification and constrain UE pairing with different modulation schemes.
Based on the discussion and observation, we have the following additional proposals:
Proposal 6: For DMRS sequence design for DFT-s-OFDM, reuse LTE ZC sequences and computer-generated sequences for all modulation orders including pi/2-BPSK.
Conclusions
In this contribution we provide some detailed analyses and evaluation results of DMRS for data channels, including broadcast/multicast PDSCH (other than PBCH), multiplexing between DMRS and PDSCH/PUSCH, DMRS in time domain bundling, and sequence design for DFT-s-OFDM.  In summary, the following proposals and observations are achieved.
· Proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: 	For broadcast/multicast PDSCH (other than PBCH), revise the working assumption and support Alt.3 (one whole symbol for DMRS) as FL DMRS. 
Proposal 2: For broadcast/multicast PDSCH (other than PBCH), support 2 additional DMRS are always present.  
Proposal 3: For CP-OFDM, at least for the case that 1-symbol FL DMRS is configured without additional DMRS in a 14-symbol slot, FDM between DMRS and PDSCH/PUSCH should be supported.
Proposal 4: For CP-OFDM, at least for the case that 2-symbol FL DMRS is configured without additional DMRS in a 14-symbol slot, FDM between DMRS and PDSCH/PUSCH should be supported.
Proposal 5: For time domain DMRS bundling, DMRS port mapping shifting in the bundled TTIs should be supported.
Proposal 6: For DMRS sequence design for DFT-s-OFDM, reuse LTE ZC sequences and computer-generated sequences for all modulation orders including pi/2-BPSK.
· Observations:
Observation 1: Configuration 2 with 2 symbols (Alt.2) achieves better performance than Configuration 1 with 1 symbol (Alt.1), e.g., about 0.6dB gain can be achieved at BLER=10^-2 with 30kHz subcarrier spacing, owing to the 3dB power enhancement provided by TD-OCC. 
Observation 2: With large subcarrier spacing, Alt.3 (one whole symbol for FL DMRS) outperforms Alt.1 and Alt.2, e.g., about 1dB gain can be achieved at BLER = 10^-2 with subcarrier spacing as 60 kHz.
Observation 3: For broadcast/multicast PDSCH (other than PBCH) at a moving speed of 500km/h, 2 additional DMRS provides the best performance compared to 0/1/3 additional DMRS.
Observation 4: For a DL/UL 14-symbol slot with only 1-symbol FL DMRS,
· In low SNR region, FDM multiplexing scheme achieves similar throughput performances as TDM multiplexing scheme.
· In most of SNR region, FDM multiplexing scheme outperforms TDM multiplexing scheme in terms of throughput performance, e.g., maximum 6% gain for DMRS Configuration 2 with 1 symbol.
Observation 5: For a DL/UL 14-symbol slot with only 2-symbol FL DMRS,
· In low SNR region, FDM multiplexing scheme achieves better or similar throughput performances as TDM multiplexing scheme.
· In most of SNR region, FDM multiplexing scheme outperforms TDM multiplexing scheme in terms of throughput performance, e.g., maximum 13.3% gain for DMRS Configuration 2 with 2 symbols.
Observation 6:  Compared to without DMRS mapping shifting, DMRS mapping shifting can achieve about 1.5dB SNR gain at 0.1 BLER in CDL-A 1000ns channel and more than 1dB SNR gain at 0.1 BLER in CDL-A 300ns channel, respectively. 
Observation 7: For DFT-s-OFDM with pi/2-BPSK and FDSS, ZC-based DMRS with FDSS achieves a good PAPR and ACLR performance.
Observation 8: pi/2-BPSK sequence based DMRS will complicate the NR specification and constrain UE pairing with different modulation schemes.
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Appendix A


Link-level simulation assumptions for Fig. 2
	Parameters
	Values or assumptions

	Carrier frequency
	4 GHz

	Channel model
	CDL-A, 1000ns

	Subcarrier Spacing
	30 kHz

	Allocated bandwidth
	10 RB

	UE speed
	500km/h

	Ant. Config.
	2Tx; 2Rx

	Total port number
	1

	Coding scheme
	Turbo

	Channel estimation
	Practical filter based

	Receiver
	MMSE-IRC

	Modulation/TBS
	QPSK, 256





Link-level simulation assumptions for Fig. 4 
	Parameters
	Values or assumptions

	Carrier frequency
	4/30 GHz

	Channel model
	CDL-A, 1000ns

	Subcarrier Spacing
	60 kHz

	Allocated bandwidth
	10/3 RB

	UE speed
	500km/h

	Ant. Config.
	4Tx; 2Rx

	Total port number
	1

	Coding scheme
	Turbo

	Channel estimation
	Practical filter based

	Receiver
	MMSE-IRC

	Modulation/MCS
	QPSK, MCS=0





Link-level simulation assumptions for Fig. 5/Fig.6 
	Parameters
	Values or assumptions

	Carrier frequency
	30 GHz

	Channel model
	CDL-A, 1000ns

	Subcarrier Spacing
	60/120 kHz

	Allocated bandwidth
	3 RB

	UE speed
	500km/h

	Ant. Config.
	2Tx; 2Rx, 4Tx,4Rx;

	Total port number
	1

	Coding scheme
	Turbo

	Channel estimation
	Practical filter based

	Receiver
	MMSE-IRC

	Modulation/MCS
	QPSK, MCS=0







Link-level simulation assumptions for Fig. 8 
	Parameters
	Values or assumptions

	Carrier frequency
	4 GHz

	Channel model
	CDL-A, 1000ns

	Subcarrier Spacing
	15 kHz

	Allocated bandwidth
	10 RB

	UE speed
	500km/h

	Ant. Config.
	4Tx; 2Rx

	Total port number
	1

	Coding scheme
	Turbo

	Channel estimation
	Practical filter based

	Receiver
	MMSE-IRC

	Modulation/TBS
	QPSK, 256




Appendix B


Link-level simulation assumptions for Fig. 11 and Fig. 12 
	Parameters
	Values or assumptions

	Carrier frequency
	4GHz

	Channel model
	CDL-A, 300/1000ns

	Subcarrier Spacing
	15kHz

	Allocated bandwidth
	10RB

	UE speed
	3km/h

	Ant. Config.
	4Tx; 4Rx

	Total port number
	2

	Coding scheme
	Turbo

	Channel estimation
	Practical filter based

	Receiver
	MMSE-IRC

	Modulation/Coderate 
	16QAM, 0.5/0.75CR






Link-level simulation assumptions for Fig. 13/Fig. 14/Fig.17/Fig.18 
	Parameters
	Values or assumptions

	Carrier frequency
	4GHz

	Channel model
	CDL-A, 300/1000ns

	Subcarrier Spacing
	15kHz

	Allocated bandwidth
	10RB

	UE speed
	3km/h

	Ant. Config.
	4Tx; 8Rx

	Total port number
	2

	Coding scheme
	Turbo

	Channel estimation
	Practical filter based

	Receiver
	MMSE-IRC

	Modulation/Coderate 
	16QAM, 0.5/0.75CR






Link-level simulation assumptions for Fig. 15 and Fig. 16 
	Parameters
	Values or assumptions

	Carrier frequency
	4GHz

	Channel model
	CDL-A, 300/1000ns

	Subcarrier Spacing
	15kHz

	Allocated bandwidth
	10RB

	UE speed
	3km/h

	Ant. Config.
	8Tx; 4Rx/UE

	Total port number
	4

	Coding scheme
	Turbo

	Channel estimation
	Practical filter based

	Receiver
	MMSE-IRC

	Modulation/Coderate 
	16QAM, 0.5/0.75CR
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(a) Config1-1 symbol with FDM  (b) Config2-1 symbol with FDM  (c) Config1-1 symbol with TDM  (d) Config2-1 symbol with TDM
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Joint DMRS estimation within multiple TTls
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