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Introduction
[bookmark: _Ref129681832]In the RAN1#87 meeting, the following agreement and conclusion was achieved [1]:
	Agreements:
· At least following schemes are identified to be further studied aiming to mitigate cross-link interference with and without the assumption on inter-cell coordination:
· Advanced receiver for interference cancellation/suppression 
· RS design (e.g. symmetric RS) and timing alignment between DL and UL 
· Sensing/measurement scheme (e.g. LBT-like, OTA measurement if any, etc.)
· Power control and coordinated schemes (e.g. coordinated beamforming/scheduling, OTA signalling if any, etc.)
· Link adaptation


[bookmark: OLE_LINK1][bookmark: _GoBack]For duplexing flexibility, cross-link interference exists in cases that neighboring cells use different transmission directions on the same time-frequency resource. It has been agreed that interference cancellation/suppression schemes, e.g., advanced receiver, should be studied to tackle the severe cross-link interference. It is necessary to emphasize that the performance of advanced receivers, e.g., E-LMMSE-IRC and R-ML highly depends on the channel estimation accuracy of cross-link, and the channel estimation performance is mainly determined by the RS design for both DL and UL. In this contribution, the design criteria of DL and UL RS for duplexing flexibility are discussed to facilitate the interference cancellation/suppression schemes, which can be adopted for both paired and unpaired spectrum. 
Discussion
In LTE system, the demodulation and measurement RS for DL and UL are designed in asymmetric manners, i.e., the corresponding RS patterns are distinct. When cross-link interference exists, the UL RS in one cell would endure severe interference caused by DL signals including data or RS, and vice versa. There is no doubt that such interference would highly degrade the channel estimation/measurement performance. Especially for demodulation, the performance would be significantly degraded though advanced receiver based interference cancellation/suppression is adopted. 
To maintain the robust for duplexing flexibility, a straightforward solution to avoid cross-link interference on RS is to mute the REs used by UL RS on the DL side. Namely, for a DL subframe, no PDSCH would be mapped on the REs used by for transmitting UL RS by a UE in a same time-frequency resource of the PDSCH. Apparently, this approach would lead to degradation of spectral efficiency due to the fact that the available REs for data transmission would be decreased after muting RS REs on cross-link. Moreover, if the REs for transmitting DL and UL RS are partially overlapped, muting the overlapped REs may destroy the orthogonality among different DL/UL ports, thus degrading MIMO performance. However, the gains brought by interference cancellation and duplexing flexibility shall well compensate for the loss of spectrum utilization due to RE muting to avoid cross-link interference on RS. 
When DL and UL RS are of symmetric design, i.e., DL and UL RS have unified pattern including the same CDM fashion if utilized, the orthogonality between DL and UL RS can be achieved by using scheduling based approach. Based on the symmetric design, it can be treated that DL and UL RS ports are selected from a common set which consists of N orthogonal RS ports. When duplexing flexibility is enabled, M of the total N RS ports are allocated to DL while the other (N-M) RS ports are assigned to UL. When duplexing flexibility is not enabled, all the N RS ports can be assigned to both DL and UL.
In the following Figure 1, the demodulation performance with different DL and UL DMRS design are evaluated and compared. The concerned scenario is that a desired UL transmission is interfered by DL signal. The simulation assumptions and simulated RS patterns are shown in Table A1 and A2, respectively, in the appendix. For the patterns in Table A2, only DMRS is transmitted on the 3rd symbol within each subframe and no data will be carried on this symbol. It can be observed that symmetric RS design with multiplexing DL and UL RS in FDM and CDM perform better than asymmetric design. Besides, it is also seen that CDM between DL and UL RS can achieve similar performance with that of FDM when cross-link interference power is not very high. With high interference, the performance of CDM method is degraded slightly compared to the FDM approach. 
[image: ] [image: ][image: ]
(a) INR = 0dB                                               (b)  INR = 10dB                                      (c) INR = 20dB
Figure 1. Demodulation performance using advanced receiver with different DMRS design
Since symmetric RS design is more beneficial to avoid cross-link interference between DL and UL RS than asymmetric RS design and orthogonality between DL and UL DMRS is preferred to ensure the effectiveness of advanced receiver based interference cancellation/suppression, then we give the following proposals.
Proposal 1: Support a symmetric pattern design between DL DMRS and UL DMRS with CP-OFDM.
For the case of UL transmission with DFT-S-OFDM, it is also needed to have proper mechanisms to avoid interference between DL and UL DMRS since the results in Figure 1 show that the interference between DL and UL DMRS has severe impact on demodulation performance. 
Proposal 2: The mechanism(s) of interference avoidance and mitigation among DL DMRS, UL DMRS with CP-OFDM, and UL DMRS with DFT-s-OFDM, for example using RE-muting, is/are supported. 
· FFS details of the above mechanism(s)
Proposal 3: For NR duplexing flexibility, DL and UL DMRS can be configured to be orthogonal with each other.
Based on symmetric DL and UL DMRS, the following issues need to be considered to further attain orthogonality between DL and UL DMRS. 
Symbol alignment
According to the front-loaded design principle, DMRS would generally be mapped to the first symbol of data part. Consider the guard period between DL control and UL data in UL self-contained slot, and different number of control symbols, the DMRS of cross-link may not be aligned. In this case, DMRS should not always be mapped to the first symbol of data part, and the location of DMRS symbol should be adjustable to align demodulation RS of cross-link, i.e. as illustrated in Figure 3. In order to obtain RS orthogonality of cross-link when symmetric RS design is adopted, it is needed to align the DMRS symbols of cross-link, and the RS mapping location aiming to facilitate orthogonality between DL and UL RS should be studied. 
Proposal 4: RS mapping location aiming to facilitate orthogonality between DL and UL RS needs to be studied for NR duplexing flexibility.


Figure 2. RS symbol alignment between DL and UL
DL and UL Multiplexing 
Using FDM, TDM and/or CDM to multiplex DL and UL RS ports can achieve the orthogonality. 
RS Sequence
If DL and UL DMRS patterns are multiplexed in FDM and/or TDM manner, no restriction is needed on the corresponding RS sequence. If CDM is adopted to multiplex DL and UL DMRS, attention is needed to ensure orthogonality between DL and UL DMRS, while still aiming to retain the desired properties of DL and UL DMRS.
Resource unit specific RS
Resource unit specific RS is a candidate scheme where each resource unit is associated with a certain demodulation RS sequence, and the whole demodulation RS for a UE is obtained by aggregating one or multiple short demodulation RS corresponding to different resource units. The orthogonality of whole demodulation RS can be obtained once each short demodulation RS is designed to be orthogonal, and an example is illustrated in Figure 2.


[bookmark: _Ref462131013]Figure 3. Resource unit specific reference signal  
RS pattern configuration
Particular for DMRS design, it has been agreed to support configurable patterns aiming at satisfying the channel estimation performance for different scenarios. As a result, it may be possible to assign different DMRS patterns for different UEs within one cell or for UEs of different cells. Consider the scenario that UL transmission in a given cell is interfered by DL transmission of a neighboring cell. Since the DMRS port and pattern of the DL interference signal are up to TRP scheduling in the neighboring cell, in order to attain orthogonal DMRS between cross-link, the TRP in the given cell should acquire the corresponding DMRS information of the DL interference signal in advance and then allocate DMRS ports with an optimized pattern for UL transmission. To satisfy the requirement of duplexing flexibility, the TRP is required to schedule the patterns of UL DMRS ports for a given UE in a more dynamic manner, and additional signaling is needed to make the UE informed. 
Proposal 5: Dynamic configuration of DMRS pattern can be considered for NR duplexing flexibility. 
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, the design criteria of DL and UL RS for duplexing flexibility are discussed. Based on above discussion, we have the following observation and proposals:
Proposal 1: Support a symmetric pattern design between DL DMRS and UL DMRS with CP-OFDM.
Proposal 2: The mechanism(s) of interference avoidance and mitigation among DL DMRS, UL DMRS with CP-OFDM, and UL DMRS with DFT-s-OFDM, for example using RE-muting, is/are supported. 
· FFS details of the above mechanism(s)
Proposal 3: For NR duplexing flexibility, DL and UL DMRS can be configured to be orthogonal with each other.
Proposal 4: RS mapping location aiming to facilitate orthogonality between DL and UL RS needs to be studied for NR duplexing flexibility.
Proposal 5: Dynamic configuration of DMRS patterns can be considered for NR duplexing flexibility. 
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Appendix
Table A1. Simulation assumptions
	Parameter 
	Value

	Bandwidth
	10MHz

	Carrier frequency
	4GHz

	Subcarrier space
	15kHz

	Cyclic prefix
	Normal

	Antenna configuration
	2*4 ULA low correlation 

	Propagation channel
	TDL-C 300ns

	Channel estimation
	Wiener

	Number of OFDM symbol for control region
	2

	Number of PRBs of PDSCH
	6

	Transmission scheme
	Spatial multiplexing

	Rank
	1

	HARQ
	Disable

	MCS
	16QAM 1/2

	Number of interference layers
	1

	Interference-to-noise ratio (INR)
	0dB/10dB/20dB

	Modulation of interference
	QPSK

	Receiver
	E-LMMSE-IRC



Table A2. Simulated patterns
	
	Symmetric design
(FDM)
	Symmetric design
(CDM)
	Asymmetric design
(muted)
	Non orthogonal

	DL DMRS
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	UL DMRS
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