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Introduction
It was agreed in RAN1#86 that the NR should allow TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing. In RAN1 #86bis [2], duplexing issues were discussed with the following conclusion and agreement.
	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 

Agreements:
· Strive for a common framework for cross-link interference mitigation schemes for both paired and unpaired spectra



In this contribution, we present our views on the RS design principles for supporting cross-link interference mitigation for dynamic TDD.
RS design for cross-link interference mitigation for dynamic TDD
The issue of cross-link interference (CCI) as a result of dynamic TDD or uncoordinated have been discussed extensively [1][3]. The discussion has been largely focusing on CCI mitigation for unicast PDSCH and unicast PUSCH, since avoiding CCI on control channels and common channels (for system information broadcast) are crucial for reliable operation of NR. In the following, we discuss the RS design principles to facilitate CCI mitigation schemes. 



[bookmark: _GoBack]One of the techniques that have been proposed is cross-link interference suppression and cancellation at the receiver (see e.g. [2],[6]). In order to support this technique, the receiver should be able to perform clean channel estimation of the CCI. This implies orthogonal multiplexing of DL and UL DM-RS is required. Figure 1 illustrates FDM of DL and UL DM-RS. In additional, the DM-RS sequence and RE mapping should be known to receivers not intending to decode the associated PDSCH/PUSCH. This assumes use of same OFDM-based waveform (and numerology) in DL and UL. The DM-RS sequence should preferably be designed to support either reliable blind detection or low overhead control signalling. For example, DM-RS should not be a function of UE ID (C-RNTI) which results in a large number of hypotheses for blind detection, or large control signalling overhead. However, DM-RS sequence can still be a function of the cell ID which has much smaller ID space and if a candidate list can be signalled as assistance information. Moreover, the receiver should also know the scheduling information associated with DL/UL transmissions of the CCI source during the transmission slot, so that the DM-RS RE mapping can be determined. This can be possible in case of a centralized scheduler, or when the backhaul latency is not material compared to the overall processing latency, or when scheduler restriction is imposed (e.g. the resources assigned for CCI source is assumed to be the same as that assigned for the node performing CCI suppression/cancellation).    
Proposal 1: To support CCI suppression/cancellation at the receiver:
· NR shall enable orthogonal multiplexing of DL and UL DM-RS.
· NR DM-RS sequence and RE mapping should be known to UEs or gNBs not intending to decode the associated PDSCH/PUSCH. 



Figure 1: FDM of DL and UL DM-RS

It is proposed in [4] that a measurement signal should be introduced to enable CCI detection/measurement and CCI source identification as this would allow efficient network coordination to remove any serious CCI condition. Since DL/UL DM-RS are the physical signals transmitted always along with the PDSCH/PUSCH, DL/UL DM-RS is a suitable measurement signal candidate. This would also allow reuse of implementation and simplify NR specifications. To this end, orthogonal multiplexing of DL/UL DM-RS would also be beneficial to allow interference free detection/measurement of CCI. If DL/UL DM-RS are orthogonal in frequency domain in an OFDM symbol, the CCI can be detected/measured simultaneously with channel estimation for PDSCH/PUSCH decoding. Mechanisms to configure transmission and detection/measurement of DL/UL DM-RS as CCI measurement signal would need to be considered further. Assuming DM-RS is only transmitted when there is a data channel assignment (i.e. not periodic and deterministic), the DM-RS pattern will need to support reliable detection with a certain timing and frequency error since the node transmitting the DM-RS may not be perfectly synchronized with the receiver. How to enable identification of CCI source via DL/UL DM-RS also requires further study. A design target option is to only enable CCI type identification (DL, UL or SL) and possibly also cell identification. A more challenging design target option with potentially larger benefit is to identify aggressor beam or UE.
Proposal 2: NR shall support DL/UL DM-RS as CCI measurement signal and DL/UL DM-RS pattern that enables reliable detection.  
Proposal 3: NR shall support DL/UL DM-RS that enables identification of CCI source. Further study is needed on the design target, e.g. whether to only enable CCI type identification or to also enable beam or UE identification as CCI source.

It is proposed in [5] that channel sensing can be performed before transmission to avoid CCI in a similar way that LAA avoids channel access collision with co-existing Wi-Fi or other LAA nodes. When the CCI is detected to be above a certain threshold, transmission of PDSCH/PUSCH may be aborted. As a result, DM-RS transmission associated with the PDSCH/PUSCH would also be aborted or deferred. This implies that the presence or absence of DM-RS is effectively an indicator of whether PDSCH/PUSCH is to be transmitted or aborted. This is important to avoid HARQ buffer corruption at the receiver in case the PDSCH/PUSCH is aborted or changed. Again, this means that DM-RS should support reliable detection. In addition, front-loading the DM-RS as shown in Figure 1 can minimize the need for buffering potential data samples and save UE power.
Proposal 4: NR shall support front loaded DL/UL DM-RS to allow early detection of whether PDSCH/PUSCH is aborted or deferred when CCI is sensed to be above a certain threshold.

Conclusions
This contribution considered the RS design principles for supporting cross-link interference mitigation for dynamic TDD. In particular, the following are proposed. 
Proposal 1: To support CCI suppression/cancellation at the receiver:
· NR shall enable orthogonal multiplexing of DL and UL DM-RS.
· NR DM-RS sequence and RE mapping should be known to UEs or gNBs not intending to decode the associated PDSCH/PUSCH. 
Proposal 2: NR shall support DL/UL DM-RS as CCI measurement signal and DL/UL DM-RS pattern that enables reliable detection.  
Proposal 3: NR shall support DL/UL DM-RS that enables identification of CCI source. Further study is needed on the design target, e.g. whether to only enable CCI type identification or to also enable beam or UE identification as CCI source.
Proposal 4: NR shall support front loaded DL/UL DM-RS to allow early detection of whether PDSCH/PUSCH is aborted or deferred when CCI is sensed to be above a certain threshold.
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