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Introduction
[bookmark: _Ref129681832]In the RAN1#86bis meeting, the following agreement and conclusion was achieved [1]:
	Agreements:
· Strive for a common framework for cross-link interference mitigation schemes for both paired and unpaired spectra
Conclusion:
· Continue study considering some or all of the following aspects:
· Deployment scenarios/bands, same-/cross-operator considerations
· Resource assignments and rate adaptations
· Frame structure and HARQ/scheduling timing
· Measurements for cross-link interference management
· Signalling (e.g., OTA, backhaul, UE capability, etc.)
· Cross-link interference management (IC/IS, power control, etc.)
· Centralized vs. distributed interference/resource management
· Beamforming/MIMO
· Duplex modes (e.g., FDD/TDD, FDM/TDM, etc.)
· Latency reduction
· Whether or not LTE interference/resource management can be used as a starting point (as applicable)
· Sensing
· RS design
· Advanced receiver
· Timing alignment between DL and UL 


[bookmark: OLE_LINK1]In our companion contribution [2], the benefits of cross-link interference mitigation are discussed, and interference cancelation by using advanced receiver has been recognized as one of the effective solutions for tackling cross-link interference. Note that, the advanced receivers for interference cancelation, e.g., advanced-IRC and R-ML receivers etc., require the channel state information of the cross-link, whose performance highly depends on the RS design for both DL and UL. In this contribution, the design criteria of DL and UL reference signal for flexible duplex are discussed so as to facilitate the advanced receiver. 
Discussion
[bookmark: OLE_LINK3]In LTE system, both demodulation and measurement RS are asymmetrically designed for DL and UL. When cross-link interference exists, RS would endure cross-link interference which would result in high channel estimation error. In Figure 1, demodulation performance for RS with cross-link interference is evaluated, and the simulation assumptions are given in Table 1 which is placed in the appendix. It can be observed that  demodulation performance is unacceptable with cross-link interference between RS and data signal even if symbol alignment between wanted signal and interference signal is assumed. Such result implies that advanced receivers require high accuracy channel estimates to perform effective interference cancelation.
[bookmark: OLE_LINK2]Observation: Interference cancelation is ineffective when channel estimation performance severely degrades.
Orthogonal DL and UL RS design
In order to achieve high channel estimation accuracy for both links, an effective solution is to introduce orthogonal DL and UL RS design to avoid interference on reference signal. The following two options can be considered:
· Option 1 (Asymmetric RS design): The DL and UL RS occupy different time-frequency resource elements, and the REs for transmitting RS of one link are muted on the other link. 
· Option 2 (Symmetric RS design): The DL and UL RS occupy the same time-frequency resource elements, and are multiplexed with each other using orthogonal covered codes (OCC) or orthogonal sequences, e.g., Zadoff-Chu sequences with different cyclic shifts.
Comparing the two options, it is noted that symmetric RS design makes receiver more flexible compared with asymmetric RS design. For example, when DL and UL RS are multiplexed using OCC, the receiver can perform non-OCC based channel estimation when there is no cross-link interference, thus improving the estimation accuracy. Besides, asymmetric RS design may lead to degradation of spectral efficiency due to the muted REs. The demodulation performance for symmetric DL and UL RS design is also presented in Figure 1, where the RS pattern utilized in the simulation is shown in Figure 4 which is placed in the appendix. The interference-to-noise ratio is set to be 30dB corresponding to UMA scenario. It is observed that symmetric DL and UL RS design makes interference cancelation effective by using advanced receiver.
[image: ]
Figure 1. Demodulation performance for different RS designs
Proposal 1: Orthogonal DL and UL RS need to be studied for flexible duplex.
Proposal 2: Symmetric RS design for DL and UL needs to  be studied for flexible duplex.
[bookmark: OLE_LINK9]In order to obtain RS orthogonality of cross-link when symmetric RS design is adopted, it is needed to align demodulation RS of cross-link at first. According to the front-loaded design principle, demodulation RS would generally be mapped to the first symbol of data part. Moreover, since the transmission timing for DL and UL are different, it is even difficult to achieve the symbol-level alignment, as discussed in our companion contribution [3]. As a result, the demodulation RS of cross-link cannot be aligned, as illustrated in Fig.2. In addition, the number of DL control symbols may be one or greater, thus the number of control symbols for DL and UL slot may be not equal, which makes it more complicated to align the demodulation RS of cross-link.  So the RS mapping location aiming to facilitate DL/UL symmetric RS design should be studied.  


Figure 2. RS misalignment between DL and UL
Proposal 3: RS mapping location aiming to facilitate DL/UL symmetric RS design should be studied for flexible duplex.
Resource unit specific RS
For flexible duplex, in order to achieve the flexible resource allocation, different frequency resource may be assigned to DL and UL transmission of cross-link, which may lead to partially overlap between DL and UL resource. Besides, partial-overlapping multiplexing in MU-MIMO may be considered to improve the resource efficiency and flexible MU-MIMO scheduling. In these cases, demodulation RS sequence truncating from a long sequence like LTE may not guarantee RS orthogonality between wanted and interference signals, resulting in performance degradation for interference suppression/cancellation. To tackle this issue, resource unit specific RS design can be considered, 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, which is illustrated in Figure 3. The orthogonality of whole demodulation RS can be obtained once each short demodulation RS is designed to be orthogonal. In addition, the resource unit specific RS can avoid some explicit signaling to indicate the RS sequence information of cross-link.



[bookmark: _Ref462131013]Figure 3. Resource unit specific reference signal  
Proposal 4: Resource unit specific RS can be considered for flexible duplex.
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, the design criteria of DL and UL RS for flexible duplex are discussed. Based on the discussion, we have the following observation and proposals:
Observation: Interference cancelation is ineffective when channel estimation performance  severely degrades.
Proposal 1: Orthogonal DL and UL RS need to be studied for flexible duplex.
Proposal 2: Symmetric RS design for DL and UL needs to be studied for flexible duplex.
Proposal 3: RS mapping location aiming to facilitate DL/UL symmetric RS design should be studied for flexible duplex.
Proposal 4: Resource unit specific RS can be considered for flexible duplex.
References
[bookmark: _Ref461107806][bookmark: _Ref450662982][bookmark: _Ref457851771][bookmark: _Ref450661959]3GPP, “Minutes report of 3GPP TSG RAN WG1 #86bis v0.1.0”, Lisbon, Portugal, 10-14 October, 2016
[bookmark: _Ref461107816][bookmark: _Ref461107825]R1-1611225, “Benefits of cross-link interference mitigation”, Huawei, HiSilicon, Reno, USA, 14-18 November, 2016
R1-1611227, “Timing alignment on cross-link for flexible duplex”, Huawei, HiSilicon, Reno, USA, 14-18 November, 2016
Appendix
Table 1. Simulation assumptions
	Parameter 
	Value

	Bandwidth
	10MHz

	Carrier frequency
	4GHz

	Subcarrier space
	15kHz

	Frame structure
	FDD

	Cyclic prefix
	Normal

	Antenna configuration
	2*2 ULA low correlation

	Channel estimation
	Real

	Demodulation reference signals
	1 symbol

	Propagation channel
	TDL-C 300ns

	Number of OFDM symbol for control region
	2

	Number of PRBs of PDSCH
	24

	Transmission scheme
	Spatial multiplexing

	Rank
	1

	HARQ
	Disable

	MCS
	16QAM 1/2

	Receiver
	E-MMSE-IRC

	Victim
	UL

	Interference
	DL

	Number of interference signal
	1

	Modulation of interference
	16QAM

	Interference-to-noise ratio
	30dB
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[bookmark: _GoBack]Figure 4. RS pattern utilized in the simulation
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