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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #88bis meeting [1], it was agreed that:
· [bookmark: _Ref129681832]Support at least the following design of DL DM-RS for data channels 
· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO 
· For CP-OFDM, if one additional DMRS exists
· At least for non-self-contained ACK/NAK slot, the time distance between the additional DMRS and front loaded DMRS for 14-symbol slot is larger than that for 7-symbol slot. 
· FFS additional DMRS position for 14-symbol slot
· Study the location of additional DMRS for self-contained ACK/NAK slots 
· Companies are encouraged to perform further evaluations on additional DM-RS symbols, using same or lower density compared with front loaded DM-RS, and also identifying use cases associated with the operation
· Aim to decide in the next meeting whether to support same density only, or lower density only, or both
· FFS at least CP-OFDM, frequency domain density of front loaded DMRS is configurable.
Conclusions:
· Continue discussions/evaluations until the next meeting about following DMRS port multiplexing schemes for 2 adjacent front-loaded DMRS symbols in the time domain, and RAN1 will definitely conclude this down selection in the next meeting
· Alt. 1: OCC
· Alt. 2: TDM
· Alt. 3: Frequency domain multiplexing only with time domain repetition/with a pattern shift
· Alt. 4: Configure between Alt. 1 and Alt. 2
· Consider phase noise impact in the high frequency band
· Alt. 5: Configure between Alt. 1 and Alt. 3
In RAN1 #88 meeting [2], it was agreed that:
· Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols 
· NR aims for performance at least comparable to DM-RS of LTE in scenarios where applicable for both LTE and NR
· For DL DMRS port multiplexing, FDM (including comb), CDM (including OCC and Cyclic shift) and TDM should be considered
· For the CDM of DMRS ports in time and/or frequency domain
· FFS for OCC based or cycling based
· FFS: supporting CDM across adjacent REs 
· FFS: supporting cyclic shift across non-adjacent REs
· FFS OCC size
· 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 provide considerations on pattern design and configurations of DL DM-RS for data channel. 
Design of DM-RS for DL data transmission 
In this following, the design of NR DM-RS associated with DL data transmission is discussed in terms of DMRS pattern and DMRS bundling design.	
DMRS pattern design
It has been confirmed in RAN1 #88 meeting that front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols in NR. And the performance of front-loaded DMRS should be at least comparable to DM-RS of LTE in scenarios where applicable for both LTE and NR. To guarantee the performance (at least comparable to LTE), port density should be similar to LTE DMRS design. It is known that 24 REs are for 8 DMRS ports in LTE DMRS design, so at least for the case of 8 orthogonal ports, maximum two symbols should be supported for front-loaded DMRS design in NR, where the performance evaluation and comparison are provided in our companion contributions [3]. For example, simulations in [3] reveal that the orthogonality between CDM-ed 8 ports in 1-symbol pattern is hard to be guaranteed in channels with large delay spreads. This is principally because 8 orthogonal ports cannot be de-patterned explicitly within 1 OFDM symbol in these channels.
For front loaded DMRS patterns with 2 adjacent symbols, port multiplexing in time domain should be considered. It has been proved in companion contributions [3] that multiplexing by CDM in time domain between DMRS ports performs a little better than TDM without considering phase noise. However, in HF scenarios, random phase rotations may degrade performance of OCC dispreading between different OFDM symbols. TDM is reasonable to be configured in these circumstances. To sum up, both TD-OCC and TDM should be supported for patterns with two adjacent symbols. Since configuration of TD-OCC or TDM only depends on whether phase noise exists or not, RRC signaling can be employed to configure between TD-OCC and TDM. 
For DL DMRS port multiplexing in frequency, it has been agreed in RAN1 #88 meeting that FDM and CDM should be considered in NR. Since the orthogonality between different CDMed ports will be greatly influenced by channel selectivity, relatively small size CDM across adjacent REs should be considered for better DMRS estimation performance. As shown in [3], CDM across adjacent REs outperforms CDM across non-adjacent REs, such as comb-like pattern with CS in frequency domain, where the channel of non-adjacent REs cannot be guaranteed the same and cannot guarantee the ports are orthogonal to each other. Furthermore, in [3], the simulation results also show that if the OCC length in frequency is larger than 2, there will be some performance degradation especially in frequency domain due to the impact of frequency selective.  
Based on the above analyses, maximal 2 OFDM symbols and multiplexing of CDM across two adjacent REs in frequency and/or time should be considered for port mapping of front-loaded pattern, especially for patterns with large orthogonal port number (e.g., 8 and 12). It is expected that the following two resource mapping schemes should be supported when designing the front-loaded pattern.
· Alt.1: OCC=2 in time domain
· Alt.2: OCC=2 in frequency domain
Fig.1 and Fig. 2 show the examples for Alt. 1 and Alt. 2 pattern design with 8 and 12-port DMRS, respectively.
Proposal 1: At least support 2 OFDM symbols for 8 and 12 ports for front-loaded pattern, and with CDM across 2 adjacent REs in time and/or frequency domain.
[bookmark: _GoBack]Proposal 2: Support configurable TD-OCC and TDM (OCC in frequency domain) of DMRS ports in time domain for different scenarios.
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Fig. 1 an example of pattern Alt. 1 pattern design for maximal 8 and 12-port DMRS
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Configurable DMRS pattern and density
As agreed in previous meetings, besides front-loaded pattern, other extended patterns with additional DMRS in the later part of the slot can be configured. Considering the trade-off between RS overhead and performance, DMRS densities and positions in these patterns should be configurable to suit different port numbers and channel conditions.
One issue in the configurable pattern design is how to determine which patterns/densities to use in which situation. One of the mechanisms is to employ default patterns/densities for some pre-defined configurations such as carrier frequency, numerology and total orthogonal port number. Another one is to dynamically configure DMRS patterns/densities by utilizing reference signals for fine time/frequency tracking as in companion contribution [4] to determine desired channel characteristics like coherence time and bandwidth. Density adaptations in the latter scheme can be described as follows. 
· Adaptation in time:
The number and location of additional DMRS symbol(s) in extended patterns depends on Doppler characteristics of the channel, which can change dynamically. In order to decide whether additional symbol(s) is utilized or not Doppler shift/spread has to be known. Accurate Doppler shift estimation requires a number of symbols in time to capture possible channel variations. Therefore for this purpose it is beneficial to transmit RS densely in time. After the estimation is performed, optimal pattern allocation can be determined. Reference signal for Doppler estimation could be transmitted periodically or on demand, ideally as often as channel changes call for adaptation. This signal could possibly be an existing RS (e.g., CSI-RS) but with some enhancements [4] since the time density should be sufficient to cover velocities foreseen for a given use case scenario. 
It has been suggested in RAN1 #88bis meeting studying the location of additional DMRS in NR. It is expected that larger time distance between the additional DMRS and front loaded DMRS is considered for better channel estimation performance. Performance evaluation and comparison between different locations are provided in our companion contributions [3]. Numerical results also verify that best channel estimation performance will be observed with additional DMRS mapped in the 12th symbol for non-self-contained ACK/NAK slot.   
Considering the trade-off between RS overhead and performance, in the extended patterns, additional DMRS can be configured with smaller frequency densities compared to front-loaded DMRS. It has been well justified in companion contribution [3] that additional DMRS with smaller frequency density can also performs well for high Doppler compensation.
· Adaptation in frequency:
Adaptation in frequency is mainly beneficial when Tx-Rx pair experiences variations of the frequency selectivity, or when scheduled DMRS port number is changed. On one hand, considering the tradeoff between performance and overhead, frequency adaptation should be considered if the current number of DMRS ports is different from the previous scheduling unit. On the other hand, considering frequency selectivity can be reflected by delay spread, frequency density can also be configured according to delay spread estimated by reference signals for fine frequency tracking. It has been well justified in companion contribution [3] that multiple/configurable frequency densities should be supported in NR.
Since DMRS need to be known at both transmitter and receiver, indications for DMRS configuration that assist pattern and density selection should be considered. The pattern and density information can be indicated by the DMRS pattern/density field in DCI along with the data scheduling or in case of infrequent changes within higher layers, e.g., RRC. However, to guarantee reliable channel estimation, DMRS pattern/port density should better dynamically change along with total orthogonal port number and channel characteristics including Doppler shift and delay spread. For example, considering the tradeoff between overhead and performance, DMRS patterns for maximal 12 orthogonal ports and 8 orthogonal ports should be designed with different port densities. In practice, several DMRS patterns with different port numbers and densities can be predefined, BS only needs to indicate pattern index in DCI along with the data scheduling. 
Proposal 3: At least support dynamic signalling for DMRS pattern indication in NR. 
Configurations of DMRS ports for MU-MIMO
To increase system spectral efficiency, NR should allow for multiplexing of DMRS and other signals in the DMRS symbols. For example, data or other reference signals can be FDM-multiplexed with DMRS if the corresponding OFDM symbols have not been fully occupied by DMRS. In this case, the PDSCH mapping of a given UE should avoid the resource elements in which DMRS is transmitted for better PDSCH demodulation performance. Thus indication for the configuration information of the co-scheduled DM-RS is needed. 
One of the configuration mechanisms is to indicate the UE antenna port index of DM-RS for co-scheduled UE. Another mechanism is to only delivery total orthogonal port number with a predefined rule of port index assignment.
DMRS bundling in frequency and 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 [5], we have proposed that NR should consider PRB bundling sizes range from two PRB 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. 
One great challenge is to provide mechanisms to indicate which PRB bundling size is preferred for a given UE. As discussed in companion contribution [5], PRB bundling can compensate for the performance deterioration caused by low DM-RS density. Thus joint design of DMRS pattern and PRB bundling should be supported in NR. Considering the dynamic configuration of DMRS, DCI signaling for DMRS PRB bundling should at least be supported.  In view of the implementation complexity in real-time transmission, one hierarchical indication scheme as suggested in RAN1 #88bis meeting is a practical solution to coordinate the contradiction between dynamic signaling overhead and DMRS channel estimation accuracy. In the indication scheme, RRC signaling is employed to configure a given UE with a bundling size subset of a predefined PRB bundling size set, and DCI is used to further indicate a specified value in the subset. Considering implementation complexity in real-time transmission, the subset size configured by RRC should not be too large. 
In time domain, DMRS bundling can also be used to estimate Doppler shift and to capture the channel variations. Therefore, in addition to the always configured front-loaded RS patterns for fast data decoding, sparse RSs in different symbols within scheduled TTIs provide better channel estimation. With multiple TTIs scheduled each having the front loaded RS configuration and additional sparse RS patterns, the overhead increases. For example, for slowly time varying channel,  keeping the front loaded RS in one of the scheduled TTIs while removing the front loaded RS from some of the bundled TTIs can provide overhead reduction while preserving performance as the time density of the RS should be sufficient to cover the low velocities for a given use case scenario. It is then crucial to consider adaptive RS configurations with time domain bundling and consider reducing the overhead for channels whose Doppler spread is limited.
For DMRS bundling in time domain, 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. 3.
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In order to support joint estimation of shifted DMRS, the shifted pattern or method should be indicated to UE. For example, whether DMRS is mapped with a fixed shift as well as the shift value should be indicated to UE for correct DMRS estimation.
Proposal 4: NR should support RRC+DCI signalling for DMRS PRB bundling.
Proposal 5: For time domain DMRS bundling, the overhead reduction and pattern shift in the bundled TTIs should be supported.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]This contribution discusses some considerations on reference signals for demodulation of DL data channel. In summary, the following proposals are made.
Proposal 1: At least support 2 OFDM symbols for 8 and 12 ports for front-loaded pattern, and with CDM across 2 adjacent REs in time and/or frequency domain.
Proposal 2: Support configurable TD-OCC and TDM (OCC in frequency domain) of DMRS ports in time domain for different scenarios.
Proposal 3: At least support dynamic signalling for DMRS pattern indication in NR.
Proposal 4: NR should support RRC+DCI signalling for DMRS PRB bundling.
Proposal 5: For time domain DMRS bundling, the overhead reduction and pattern shift in the bundled TTIs should be supported.
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