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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For DMRS in broadcast/multicast PDSCH, it was agreed in RAN1 #90 [1] meeting and NR#3 [2] meeting 
	Agreements: 
· For broadcast/multicast PDSCH:
· Additional DMRS is always present (Alt. 1)

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 


For DMRS location and indication, following agreements have been achieved in #90 [1] and NR#3 [2]  meetings as
	Working assumptions:
· For slot-based scheduling, the first DMRS position either on 3rd symbol or 4th symbol is configured by [PBCH].
· Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on 3rd symbol, and is 3 symbols otherwise
· This replaces the past working assumption linking DMRS position to bandwidth X

Agreements: 
· A UE is configured with the number of additional DMRS for PDSCH and as a working assumption for PUSCH with the following signaling method:
· By UE-specific higher layer signaling 
· For PUSCH, companies are encouraged to perform analysis/evaluations taking into account T/F sync impact particularly for front-loaded DM-RS

Agreement: 
· For slot-based scheduling, for PDSCH, when three additional DMRS symbols are configured for the 1-symbol front-load DMRS with front-load DMRS on the 3rd symbol, the three additional DMRS symbol can be at least configured in the 6th, 9th and 12th symbols.
· Note: See the agreed positions in the figure below.
· The yellow region in the figure below does not contain PDSCH.


For DMRS port indication design, following agreements have been achieved in #90bis [3] meeting
	Agreement: 
A UE in MU-MIMO should be scheduled ports first within a specific CDM group, and then across CDM groups from UE perspective 
· The ports within the same CDM group should be QCL-ed 
· The above applies for the case of single TRP

Agreement:
At least the following information is included in DCI as part of downlink DMRS port assignment:
· Scheduled downlink DMRS ports
· Potential presence of co-scheduled downlink DMRS CDM groups for rate matching
· FFS: Whether the presence of co-scheduled downlink DMRS port(s) within the assigned downlink DMRS CDM group is supported or not
· There are no dedicated bits for rate matching around DMRS CDM group(s)
At least the following information is included in DCI as part of uplink DMRS port assignment for CP-OFDM:
· Scheduled uplink DMRS ports
· Uplink DMRS CDM groups for rate matching
· There are no dedicated bits for rate matching around DMRS CDM group(s)

Agreement: 
A UE is configured for the number of front-load DMRS symbols for PUSCH and PDSCH DMRS with the following signaling method:
· The maximum number is configured with higher-layer signaling and the actual number with DCI using DMRS-table-based indication

Agreement: 
Any configured DMRS port indication table supports SU-MIMO scheduling.
The maximum number of ports per UE in SU-MIMO
· DMRS configuration type 1 with 1-symbol DMRS
· 4 for DL, 4 for UL
· DMRS configuration type 1 with 2-symbol DMRS
· 8 for DL, 4 for UL
· DMRS configuration type 2 with 1-symbol DMRS
· 6 for DL, 4 for UL
· DMRS configuration type 2 with 2-symbol DMRS
· 8 for DL, 4 for UL

Agreement: 
The maximum number of orthogonal ports per UE in MU-MIMO for
· DMRS configuration type 1 with 1-symbol DMRS
· 2 for DL
· DMRS configuration type 1 with 2-symbol DMRS
· 4 for DL
· DMRS configuration type 2 with 1-symbol DMRS
· 4 for DL
· DMRS configuration type 2 with 2-symbol DMRS
· 4 for DL


Regarding UL DMRS design, it was agreed in #90bis [3] that
	Agreement: 
· For DMRS for DFT-s-OFDM PUSCH with a hop, at least one DMRS symbol is included in each hop.
· For DMRS for DFT-s-OFDM PUSCH with a hop, at least support the first DMRS of the 2nd hop to be located on the first symbol of the PUSCH within that hop.
· FFS: another case for the location first DMRS of the 2nd hop in cases of collision with reserved resources on the uplink.


[bookmark: _Ref129681832]For time domain DMRS bundling, it was agreed in RAN1 #88 meeting [4] that:
	Agreement: 
· 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


In this contribution, we discuss the remaining details on DL/UL DM-RS for data channels. 
DM-RS pattern before configuration 
Down selection of broadcast/multicast PDSCH DMRS
It has been agreed in [1] and [2] that the broadcast/multicast PDSCH (other than PBCH) is transmitted with a single DMRS port, and only one front-loaded DMRS configuration is supported, with down selection from
· Alt.1: 1-symbol DMRS in Configuration 1  
· [bookmark: OLE_LINK124]Alt.2: 2-symbol DMRS in Configuration 2
Moreover, for additional DMRS, it has been agreed that 
· Alt.1: Additional DMRS is always present 
· [bookmark: OLE_LINK123]FFS location and number of additional DMRS 
In the following, we provide some evaluation results for the pattern selection. In addition to the proposed Alt.1 and Alt.2, to cater for varied channel conditions and provide high enough channel estimation robustness, we also consider a new pattern with higher density, in which DMRS occupies one whole symbol. Considering additional DMRS is anyway needed for high Doppler scenario, we will evaluate the front-loaded DMRS and additional DMRS jointly to investigate the overall system performance. 
 [image: ]
[bookmark: OLE_LINK103]Fig. 1 Proposed Front-loaded DMRS patterns of broadcast/multicast PDSCH
[bookmark: OLE_LINK133][bookmark: OLE_LINK130]We first investigate the performance of different DMRS patterns in Fig. 1, i.e., Alt.1 and Alt.2. Besides, 2 additional DMRS are assumed in the simulations. The issue of exact number of additional DMRS symbols will be discussed in the later part. 
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 is considered in the simulation, and the constellation is fixed as QPSK (according to LTE). All candidates are operated with a fixed TBS=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 conditions are given in our companion contribution [5].
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Fig. 2 BLER comparisons between Alt.1and Alt.2 with 2 additional DMRS symbols.
Fig. 2 gives the BLER performances of Alt.1 and Alt.2 with 2 additional DMRS. It can be observed that, Alt.2 achieves better performance compared to pattern Alt.1, e.g., about 0.6dB gain can be achieved at BLER=10^-2 by Alt.2 compared to Alt.1 for the 30 kHz subcarrier spacing. Note that, although Alt.2 is with lower density in frequency domain compared to Alt.1, but occupied a larger number of REs within one PRB, then the 2-symbol Alt.2 can obtain additional gain by TD-OCC, which provides additional 3dB power enhancement in channel estimation, resulting better performance. 
[bookmark: OLE_LINK132]As mentioned above, besides the two proposed candidates, some further discussions on RS density of default DMRS are considered. Since the default pattern should provide high enough robustness to most of transmission scenarios, e.g., it may also be used for a large subcarrier spacing, such as 60 kHz. In this case, the DMRS density of current Alt.1 and Alt.2 may not be sufficient. Therefore, to provide satisfactory performance in various scenarios, a new pattern design is needed. Fig. 3 gives an example of considered DMRS pattern (named as Alt.3), where DMRS occupies one whole symbol with 2 additional symbols. In the following, we will evaluate Alt.3 with Alt.1 and Alt.2 in terms of BLER.  
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Fig. 3 Broadcast/multicast PDSCH DMRS with high 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. Rank-1 case is adopted with the constellation as QPSK. All patterns are operated 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. 
[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
Fig. 4 gives the BLER performances of considered DMRS patterns in high frequency scenario. 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 fc=30GHz and SCS= 60 kHz, and more than 0.6dB gain can be achieved at BLER = 10^-2 for fc=4GHz and SCS= 60 kHz. The main performance gain lies in the higher density of Alt.3, which provides better frequency domain interpolation performance for a large subcarrier spacing. Therefore, considering the default DMRS will used with multiple numerologies, Alt.3 should be supported.
On the number of additional DMRS
In this subsection, some evaluation results will be provided to the FFS of the number of additional DMRS symbol. Fig. 5 illustrates some examples of additional DMRS configurations, where Alt.3 is considered for front-loaded DMRS with 2 symbol PDCCH.
[image: ]
Fig. 5 An example of additional DMRS configurations of broadcast/multicast PDSCH
Next, we investigate the number of additional DMRS symbol. In the simulation, a downlink 4Tx 2Rx OFDM system with CDL-A channel is assumed. The delay spread as 1000ns and 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 15 kHz. All candidates are operated with TBS=256 and QPSK modulation.   
 [image: C:\Users\r00401378\Desktop\SIB1_selected\4T2R_4G15k_A1000_500k_TBS256_Alt3.PNG]
Fig. 6 BLER performances of Alt.2 with different number of additional DMRS symbols.
Fig. 6 gives the BLER performances of front-loaded DMRS Alt.3 with 0/1/2/3 additional DMRS symbols. It can be observed that, the configuration of 1 front-loaded with 2 additional DMRS (Time Density=3) outperforms the configurations with 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 in time domain and DMRS overhead. For 3 additional DMRS case, its high DMRS density incurs a higher code rate which degrades the BLER performance. Whereas, for 1 additional case, it can be found its DMRS density in time domain is not sufficient to combat the high Doppler shift. Therefore, 2 additional DMRS is a good tradeoff for the default pattern which can achieve better performance in the worst use case. Taking into account the robust estimation performance and RS overhead, 2 additional DMRS are thus preferred.
Based on above analyses and simulations, we have the following proposal on the DMRS pattern before configuration: 
Proposal 1: For DMRS before configuration,
· Support higher frequency density DMRS mapped in 1 whole symbol for front-loaded DMRS
· Support two additional DMRS are always present.
UE-assisted additional DMRS configuration 
Since the UE has more accurate knowledge of DL CSI estimation, noise and interference information than the base station, it is proper to determine parameters such as the front-loaded pattern and the number of additional DMRS for a UE assisted by feedback from the UE itself. In practice, the UE can estimate the channel and report information related to mobility such as the Doppler spread. Alternatively, the UE can request the number of additional DMRS directly based on its assessment of the channel quality, particularly the spread/coherence parameters. For example, a UE detecting a shorter coherence time than the time distance between DMRS locations can request to increase the number of additional DMRS or, in the opposite case, inform the gNB that the number of additional DMRS can be lowered. Based on the UE’s feedback, the gNB can then make a decision on exact configurations of DMRS pattern, time density, etc. for the UE.
Proposal 2: Support UE feedback to assist configuration of the number of additional DMRS. 

Design of DMRS port indication 
In this section, we present some detailed design principles of signaling for DMRS ports. More detailed discussions and examples of port indication tables can be found in our companion contribution [6].
· Structure of port indication table 
In LTE, DMRS port combinations are arrayed in two columns based on CW numbers. To reduce DCI indication overhead in NR, we can take this table structure as a starting point. As agreed in the past meetings, besides port indices and UE rank, the table should also include the CDM occupation information and symbol number of front-loaded DMRS.  
Observation 1: The table structure of LTE can be reused as starting point with additional included CDM occupation information and symbol number of front-loaded DMRS.
· One scrambling ID in DCI table for port indication
In LTE, there are 2 SCIDs in DCI table for antenna port indication. The two IDs can be used for constructing semi-orthogonal DMRS. In NR, it has been agreed in #88b meeting that maximal 12 orthogonal DMRS ports is supported for MU-MIMO, and up to 4 ports per-UE is supported for MU-MIMO in NR#3 meeting. Considering the increased MU dimension, signaling overhead of DCI table for antenna port indication is greatly increased, i.e., much more entries have to be included in the DCI table. If NR still considers multiple scrambling sequences in the DCI table(s) for port indication as in LTE, a very huge table has to be designed for the port indication. Since scrambling of DMRS is independent of the antenna port selection essentially, it can be moved out of the DCI table for port indication. In other words, NR should support only one scrambling ID in DCI table for port indication.
Observation 2: Including multiple scrambling sequences in DMRS port indication table will highly increase the DCI table size.
· Multiple DCI tables for port indication
As agreed in RAN1 #88bis, maximal 12 orthogonal ports will be supported for MU-MIMO in NR. The support of DMRS port indication for UE from such a large set of orthogonal DMRS ports require provision in DCI of very large number bits. Obviously the number of potentially schedule DMRS ports is to some extent depends on the transmission scenario. Thus, some DCI overhead reduction schemes may be considered based on priori-knowledge of maximum DMRS port number or pattern configurations. Some examples of port combinations for different configuration types have been provided in [6]. It should be noted that port combinations for different number of codeword has been reordered based on the agreements on codeword to layer mapping. Besides, maximum DMRS ports per UE for MU-MIMO is assumed to be 4. Besides, considering different DMRS types may be used in different scenarios, to reduce the overhead of DCI for indicating DMRS ports, different indication combinations for DMRS port can be also designed for each type.
Observation 3: Supporting multiple DCI tables for DMRS pattern configurations or MU-orders can reduce the table size.
· Non-transparent MU-MIMO
For the rate matching around DMRS, it has been agreed in #90bis that used/occupied CDM group information will be included in the DCI tables for port indication. Specifically, the state of CDM group occupation can be indicated in the DCI table(s). 
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Figure 7. An example of DMRS configuration type 1 and 2 with 1/2 symbols
We here give an example of indicating the state of CDM groups for rate matching, as shown in Figure 7. For Configuration type 1, the occupation of two CDM groups can be indicated with 2 states: state ‘1’ denotes CDM group 1 (denoted as yellow color) is occupied, and state ‘2’ denotes CDM groups 1 and 2 (denoted as red color) are occupied. Similarly, the occupation of three CDM groups of Configuration type 2 can be indicated with three states: state ‘1’ denotes CDM group 1 is occupied, state ‘2’ denotes CDM groups 1 and 2 are occupied, state ‘3’ denotes all CDM groups are occupied. In this way, UE can know the co-scheduled DMRS ports for rate matching. In [6], we provide some examples of port indication tables where the states of occupied CDM group have been included for rate matching.
Observation 4: States of co-scheduled DMRS CDM groups can be included in DCI table for rate matching.
· Symbol number of front-loaded DMRS
It has been agreed in #90bis meeting that the maximum symbol number of front-loaded DMRS is configured with higher-layer signaling, and the actual symbol number with DCI using DMRS-table-based indication. According to the agreement, two different DCI tables should be considered for each configuration type, e.g., one table for maximum symbol number 1 and another for maximum symbol number 2. To support DCI switching between 1 or 2 symbols with RRC configuring 2, the second table should include port combinations for both 1 symbol and 2 symbols. Some examples of port combinations indication considering symbol numbers are provided in [6] . 
· Consider different scheduled schemes in DCI table
To cater for varied transmission scenarios in NR, port combinations with different multiplexing schemes, e.g., CDM and FDM with DMRS ports, should be included in the tables. Take multiplexing of 2 DMRS ports scheduled for a given UE as an example, CDM of the two ports is beneficial for MU-MIMO, which has been agreed in #90bis, while in SU-MIMO scheduling, FDM of the ports can achieve better orthogonality. In addition, considering the QCL association, both FDM and CDM between 2 configured ports should be supported to achieve flexible configuration of single TRP transmission and NCJT.
Observation 5: Both FDM and CDM between DMRS ports should be included in DMRS ports indication table to achieve flexible configuration.
Based on the above discussion, we can thus have the following proposal as
[bookmark: OLE_LINK3]Proposal 3: For the design of DCI table for DMRS port indication, NR should 
· Reuse the table structure of LTE as starting point
· Support only one scrambling ID in DCI table 
· Support multiple DCI tables of DMRS port indication based on DMRS pattern configurations or MU-orders 
· Indicating the state of CDM group occupation for rate matching
· Include symbol number of FL DMRS in DCI table 
· Support both FDM and CDM between DMRS ports in DCI table

UL-specific issues on DMRS
In this section, some remaining issues for UL DMRS are discussed, including the pattern design for DFT-s-OFDM with frequency hopping and the power boosting of UL DMRS.
DMRS pattern of DFT-s-OFDM with frequency hopping
In #90bis meeting, it has been agreed that at least one DMRS symbol can be included in each hop for DFT-s-OFDM PUSCH with a hop. Figure 8-(I) gives the agreed DMRS location when one DMRS symbol is included in each hop. In the following, we will further discuss the case when two DMRS symbols are included in each hop.
In NR, the main aim of DFT-s-OFDM is to provide a robust transmission. In this way, in high speed case, the configuration of two DMRS symbols are included in each hop should be also supported to ensure the channel estimation accuracy. For DMRS for DFT-s-OFDM PUSCH with a hop, support following two types of DMRS configuration:  
· Type-I: One DMRS symbol  is included in each hop
· Type-II: Two DMRS symbols are included in each hop
[image: ]
(I) One DMRS symbol in each hop       (II) Two DMRS symbols in each hop
Fig. 8 Examples of DMRS for PUSCH with frequency hopping
To simplify the signalling design, the configuration between Type-I and Type-II can directly reuse the signalling of the additional DMRS for PUSCH without frequency hopping, i.e., if the number of additional DMRS of PUSCH without frequency hopping equals to 0, then Type-I is used for PUSCH with frequency hopping, otherwise, Type-II will be adopted. 
Proposal 4: For DFT-s-OFDM PUSCH with frequency hopping, support two DMRS symbols included in each hop, and one or two DMRS symbols included in each hop depends on the signalling of additional DMRS of PUSCH without frequency hopping. 
For the DMRS locations of Type-II, the first DMRS of each hop of Type-II can reuse the DMRS location of Type-I in each hop. For the second DMRS of each hop, the second DMRS of the 1st hop locates on the last symbol of the 1st hop, and the second DMRS of the 2nd hop reuses the location of the last additional DMRS of PUSCH without frequency hopping, as shown in the Figure 8-(II).
Proposal 5: For PUSCH with frequency hopping, two DMRS symbols can be included in each hop with following locations
· For the first DMRS of each hop, reuse the DMRS locations of the case that one DMRS is included in each hop
· For the second DMRS of each hop,
· In the 1st hop, the last DMRS is fixed on the last symbol of 1st hop 
· In the 2nd hop, the last DMRS reuses the location of last additional DMRS of PUSCH without frequency hopping
In addition, the overload of DMRS should be also considered in the use case of frequency hopping. For example, for a UL slot with 14-symbol, if two OFDM symbols are used as PDCCH, five OFDM symbols are used as SRS and PUCCH, and one OFDM symbol for gap, there are only six symbols can be used as DMRS and data. In this case, it is unprofitable to trigger frequency hopping considering the overhead of DMRS, e.g., 20% overhead will be increased even for Type-I. 
Power boosting of UL DMRS 
For MU-MIMO, when UEs are co-scheduled by FDM-ed DMRS ports, it is beneficial for each UE to mute the DMRS REs that are used by other UEs. Meanwhile, the energy of these muted REs can be used for power boosting at each UE to improve its channel estimation accuracy. One straightforward rule is to keep the power of symbol with DMRS as same as the power of symbol with data. Note that for each UE, the power of muted REs should be boosted to DMRS REs but not to PUSCH REs. 
Proposal 6: The power boosting scheme that keeping the same power between DMRS OFDM symbol and data OFDM symbol should be supported.
DMRS sequence and bundling issues
DMRS sequence for CP-OFDM
In RAN1 #90 meeting, common PRB indexing is agreed for BWP configuration in RRC connected state, where the reference point PRB 0 is configured by RMSI/RRC with the respect to the lowest PRB of SS block and the maximum number of PRBs for a given numerology is defined in Table 4.3.2-1 in 38.211. To support MU-MIMO between UEs in different (but overlapping) BWPs, such common PRB indexing can also be used for UE-specific RS sequence generation. Accordingly, in a given time-frequency resource, the sequence is the same for different UEs so that the orthogonality can be guaranteed. Note that it was also agreed that the function for DMRS sequence generation is with the respect to an offset. As a result, the offset can be interpreted as the one between the PRB 0 and the lowest PRB in UE-specific BWP. 
Proposal 7: For DMRS sequence design for CP-OFDM based PDSCH and PUSCH
· The sequence generation is a function of the maximum PRB index in common PRB indexing used for BWP configuration in RRC connected state. 
· The sequence mapping is based on the offset which is the one between PRB 0 in common PRB indexing used for BWP configuration in RRC connected state and PRB 0 in the UE-specific BWP.
DMRS bundling in time domain
To cater for a great quantity of deployment scenarios in NR, it has been agreed that NR will support configurable PRB bundling sizes for DL data channel DMRS. Based on the detailed analysis and simulations in companion contribution [7], we have proposed that NR should consider PRB bundling sizes range from two PRBs to the entire scheduling bandwidth for a given UE. We also stated in that paper that NR should take several factors into consideration when deciding or configuring PRB bundling sizes. For example, PRB bundling size should be configured appropriately depending on several factors including channel characteristics, DMRS pattern and frequency density and UE’s implementation complexity. 
It has been agreed in [4] that RRC+DCI signaling is supported for DMRS PRB bundling. Furthermore, considering implementation complexity in real-time transmission, only 1 bit DCI is employed for the dynamic indicating. One remaining issue is to study the usage of above 1 bit. For example, it can be used to switch between Case 1 and Case 2 or between two configured Case 1 values. In view of the implementation complexity at UE in real-time transmission, we slightly prefer to use DCI to dynamically switch between bundling sizes between Case 1, i.e., RBG related values, and Case 2, i.e., consecutively scheduled bandwidth. Besides the explicit indication, as discussed in companion contribution [7], since both DMRS pattern configuration and PRB bundling configuration are highly dependent to the frequency properties of channel, and the intention of introducing PRB bundling was to improve estimation performance of DMRS, it’s natural to consider joint configuration of PRG size and DMRS patterns. For examples, PRB bundling size can be jointly indicated to UE based on the DMRS pattern configuration. 
Proposal 8: NR should support joint configuration of PRB bundling size and DMRS configuration.
It has been agreed in #88 meeting that DMRS bundling in time domain would be supported in NR. Similar to frequency domain bundling, joint DMRS estimation within the time domain bundling size can be considered for better estimation accuracy in time domain bundling. 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 is shown in Fig. 9.
 (
Fig. 
9
 an example of shifted DMRS mapping
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Fig. 10 performance gain of DMRS port mapping shifting
In Fig. 10, we provide the BLER performance of Config.1-1symbol 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/300ns channels are assumed. It is also simulated with a carrier frequency of 4GHz and sub-carrier spacing of 15 kHz. The used MCS order is 20. As can be seen, estimation accuracy of DMRS can be greatly improved (about 1.5dB SNR gain @ 0.1 BLER in CDL-A 1000ns channel and 1dB SNR gain @ 0.1 BLER in CDL-A 300ns channel) by interpolation between TTIs in these frequency selective channels.
Based on the simulation results and analysis above, we have the following proposal,
Proposal 9: For time domain DMRS bundling, DMRS port mapping shifting in the bundled TTIs should be supported.
[bookmark: OLE_LINK1]DMRS sequence initialization for CP-OFDM
Within an NR-cell many TRPs and beams may coexist each serving one or multiple UEs in the same time-frequency resources. While the DMRS ports assigned to different users/layers in the same TRP or the same beam are orthogonal by using different ports from the up to 12 orthogonal ports generated by one RS ID, the interference between different UEs/layers in different beams, different TRPs and different cells is randomized using a PN sequence. Such sequences will modulate OFDM symbols in up to 4 OFDM symbols per slot as shown in subsection 7.4.1.1 in the draft version of 38.211 [8]. 
The scrambling mechanism for NR DMRS for CP-OFDM shall ensure that the interference caused by DMRS used in different beams, TRPs, and NR cells does not adversely affect the channel estimation accuracy by providing (i) flexibility in the pool of possible sequences to facilitate assigning DMRS sequences with low cross correlation and (ii) efficient use of the allotted OFDM symbols within the same slot or OFDM symbols bundled in consecutive slots. 
In LTE, DMRS sequence in DL for ports 7-14 is generated using a 9-bit configurable ID, slot number and one bit SCID delivered using DCI [9]. 


In the following, we study different proposals for initializing DMRS for PDSCH using sequence modulation in section 7.4.1.1.1 and mapping to physical resources allocated to DMRS in NR. 
In the following, these formulae are studied and compared. Please note that these alternatives are similar to the LTE except for the physical resource mapping of NR. 
1) 
9-bit initialization ID: .
2) 
10-bit initialization ID: .
3) 
16-bit initialization ID:  .


In the proposed solution, which is solution 3: (i) the slot number is assumed to be up to 160 to accommodate for SCS of 240 KHz within a 10 msec radio frame, and (ii)  is a set of IDs, each 16 bits and selected by the .






[bookmark: _GoBack]Note that in some cases when number of users/layers multiplexed on the same resource is larger than the number of orthogonal ports, more sequences may be needed to extend the pool of DMRS. In this case, the intra cell interference for user detection and channel estimation depends on the cross correlation property of the sequences, which can be better controlled through sequence initialization if is not dependent on the autonomously changing slot index . Thus, in such cases, we propose to set a flag for correlation control indication, i.e., , where is the flag to control is dependent onor not.
 Cross correlation study
In NR, similar to LTE, DMRS is resource specific and a UE may only assume interpolation in the frequency domain constrained by 1) the channel coherence bandwidth; 2) the allotted resource assignment and; 3) the granularity of precoder in the frequency domain. The PN sequences assigned to two users should have a low cross correlation within the bandwidth that is specified by the smallest of 1 to 3. In the following, for simplicity, we call it “the coherence bandwidth” noting that it may be further narrowed down by scheduling and precoding decisions. 
Figure 11 shows the CDF of the absolute cross correlation of two randomly selected sequences from the pool of sequences in each of the alternative solutions. Simulation results show that all these CDF curves are the same as a true mathematically random sequence with cross-correlation modelled by Binomial distribution (not shown in the figure), showing the strength of the pseudo-random Gold sequence of degree 31.
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Fig. 11 CDM of absolute cross correlation between two DMRS sequences 
Scheduling flexibility study
In the following, we study the scheduler flexibility in assigning and co-pairing users in different beams using different DMRS IDs with a cross-correlation below a certain threshold. The metric used here is the average absolute cross-correlation within all the sub-bands within the coherence bandwidth. In Tables 6-1 and 6-2, we show the average size of DMRS sequence groups where all the members show an average cross-correlation below the threshold. Simulation results show that for a wider DMRS ID of 16 bits, up to twice as many such sequences can be found; allowing for a more flexible UE scheduling and DMRS ID assignment without severely impacting the performance of channel estimation at the UE.
Table 6-1: Average number of sequences with mutual cross-correlation less than 0.15 for 4 and 10 RBs coherence bandwidth
	
	# of Sequences
	Gain over 9-bit 

	Thr = 0.15
	4RB
	10RB
	4RB
	10RB

	9-bit ID
	1.22
	12.94
	 
	 

	10-bit ID
	1.34
	15.05
	9.8%
	16.3%

	16-bit ID
	2.02
	25.96
	65.6%
	100.6%



Table 6-2: Average number of sequences with mutual cross-correlation less than 0.075 for 20 and 50 RBs coherence bandwidth
	
	# of Sequences
	Gain over 9-bit 

	Thr = 0.075
	20RB
	50RB
	20RB
	50RB

	9-bit ID
	3.87
	15.72
	 
	 

	10-bit ID
	4.25
	18.08
	9.8%
	15.0%

	16-bit ID
	6.51
	31.38
	68.2%
	99.6%



Above simulations show the advantages of our proposed initialization formula in terms of better cross correlation property among generated sequences resulting in an improved scheduling flexibility; and 
As such, we propose: 
Proposal 10: In NR, DMRS for CP-OFDM uses a PN sequence that is initialized by

,


where  has 16 bit-width, and is RRC configured. 

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution discusses some remaining issues of DMRS design and configuration for DL and UL data channels. 
Regarding DMRS pattern before configuration, we have the following proposals:
Proposal 1: For DMRS before configuration,
· Support higher frequency density DMRS mapped in 1 whole symbol for front-loaded DMRS
· Support two additional DMRS are always present
For configuration of additional DMRS, the following proposal is made:
Proposal 2: Support UE feedback to assist configuration of the number of additional DMRS. 
For the indications of DMRS pattern and DMRS ports, we have the following observations and proposal:
Observation 1: The table structure of LTE can be reused as starting point with additional included CDM occupation information and symbol number of front-loaded DMRS.
Observation 2: Including multiple scrambling sequences in DMRS port indication table will highly increase the DCI table size.
Observation 3: Supporting multiple DCI tables for DMRS pattern configurations or MU-orders can reduce the table size.
Observation 4: States of co-scheduled DMRS CDM groups can be included in DCI table for rate matching.
Observation 5: Both FDM and CDM between DMRS ports should be included in DMRS ports indication table to achieve flexible configuration.
Proposal 3: For the design of DCI table for DMRS port indication, NR should 
· Reuse the table structure of LTE as starting point
· Support only one scrambling ID in DCI table 
· Support multiple DCI tables of DMRS port indication based on DMRS pattern configurations or MU-orders 
· Indicating the state of CDM group occupation for rate matching
· Include symbol number of FL DMRS in DCI table 
· Support both FDM and CDM between DMRS ports in DCI table
For UL-specific remaining issues of DMRS, we have the following observations and proposals:
Proposal 4: For DFT-s-OFDM PUSCH with frequency hopping, support two DMRS symbols included in each hop, and one or two DMRS symbols included in each hop depends on the signalling of additional DMRS of PUSCH without frequency hopping. 
Proposal 5: For PUSCH with frequency hopping, two DMRS symbols can be included in each hop with following locations
· For the first DMRS of each hop, reuse the DMRS locations of the case that one DMRS is included in each hop
· For the second DMRS of each hop,
· In the 1st hop, the last DMRS is fixed on the last symbol of 1st hop 
· In the 2nd hop, the last DMRS reuses the location of last additional DMRS of PUSCH without frequency hopping
Proposal 6: The power boosting scheme that keeping the same power between DMRS OFDM symbol and data OFDM symbol should be supported.
For DMRS sequence and bundling issues, the following proposals are made:
Proposal 7: For DMRS sequence design for CP-OFDM based PDSCH and PUSCH
· The sequence generation is a function of the maximum PRB index in common PRB indexing used for BWP configuration in RRC connected state. 
· The sequence mapping is based on the offset which is the one between PRB 0 in common PRB indexing used for BWP configuration in RRC connected state and PRB 0 in the UE-specific BWP.
Proposal 8: NR should support joint configuration of PRB bundling size and DMRS configuration.
Proposal 9: For time domain DMRS bundling, DMRS port mapping shifting in the bundled TTIs should be supported.
Proposal 10: In NR, DMRS for CP-OFDM uses a PN sequence that is initialized by

,


where  has 16 bit-width, and is RRC configured. 
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APPENDIX: Simulation Assumptions for Sequence Initialization in section 6.3
In subsection 6.3.1, the cross-correlation between different sets of DMRS type 2 generated by IDs within the allowed range (9, 10, or 16 bits) with randomly chosen values for other parameters such as slot number is calculated. Since the phase of the channel from each TRP to the UE is a uniform random variable in the range of [-,), the absolute value of the cross-correlation is relevant. The cross-correlation is calculated over any sub-band of coherence bandwidth over the first OFDM symbol used for front-loaded symbol in a network of 100 RB bandwidth. The cross-correlation is calculated based on the ports that are CDMed (i.e. ports 0-1 from one UE to ports 0-1 of another UE, but not ports 0-1 of one UE and ports 3-4 of another UE where there is no cross-interference). 
In subsection 6.3.2, the impact of ID range on the scheduling flexibility is used. To this end, groups of IDs are identified where the average absolute cross-correlation coefficient between sequences generated by any two IDs in that group is less than a certain threshold. The average absolute cross-correlation is calculated over all the sub-bands of coherence bandwidth over 100 RBs. Similar to the section 6.3.1.1 only ports that are interfering are considered. Values in the tables 6-1 and 6-2 is the average size of the identified groups of IDs.
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