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1 Introduction
At the RAN1 #87 meeting, it was agreed that [1] 
· 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
· Strive for common cross-link interference mitigation schemes for both paired and unpaired spectrum.

· For further study of measurements of cross link interference (CLI), aim for (if possible) reusing a physical reference signal used for other purposes 
· The need to enable CLI measurement should be taken into account when designing the RS which is also to be used for CLI measurement
· Study metric(s) to be used for CLI measurement, e.g., RSRP
· Physical reference signal used for CLI measurement aim for the same type for DL & UL (e.g. DM-RS type, CSI-RS type, etc.)

· To support CLI measurement, RS of a UE or a TRP aim to be received by another UE or another TRP 

In this contribution, we discuss the RS design for interference measurement in dynamic TDD.  
2 Discussion
The primary goal of RS for cross-link interference measurement (IM-RS) in dynamic TDD is to measurement SINR to obtain CQI to be used by the corresponding data transmission. In addition, MIMO measurement can be conducted together with SINR measurement using the same RS if feasible and beneficial. Otherwise, MIMO measurement can be conducted in a separate measurement prior to interference measurement. RS for interference measurement will be transmitted using the obtained precoding/beamforming matrix from MIMO measurement. 
Considering the dynamic TDD feature, to achieve accurate SINR measurement, it is desirable to let DL and UL IM-RS transmission time aligned and each source shall transmit the IM-RS in the same RBs as assigned for the corresponding data, as discussed in [2], [3] and illustrated in Figure 1. The IM-RSs for DL and UL shall be jointly optimized for good cross-link interference measurement accuracy. The throughput gains by the time-aligned DL and UL IM over the resource as scheduled for the corresponding data can be found in our companion contribution [4]. 
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Figure 1 IM-RS transmission time aligned in DL and UL and resource aligned with the corresponding data 

To enable SINR measurement, the IM-RS sequence shall have good auto-correlation and cross-correlation properties. Candidate sequences for IM-RS include ZC sequence, pseudo-random sequences and Golay sequence [5]. In the frequency domain, the IM-RS from each source and antenna port can be transmitted over all the subcarriers of the assigned RBs (frequency-domain decimation factor = 1) or transmitted in a portion of the subcarriers in a comb-type manner (frequency-domain decimation factor > 1). In the first approach, the low cross-correlation of the IM-RS sequences among different sources and antenna ports is achieved by sequence orthogonality. In the second approach, the low cross-correlation of the IM-RS sequences among different sources and antenna ports is achieved by frequency orthogonality as well as sequence orthogonality. In selecting the RS multiplexing structure, the number of available sequences with good cross-correlation property needs to be considered. In the time domain, to minimize overhead, it is desirable to confine IM-RS transmission in one or two symbols. As an example, Figure 2 and Figure 3 show the performance of SINR estimation using a length-48 ZC sequence over 4 RBs in one symbol. EPA channel is used in the simulation. 
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Figure 2 SINR estimation performance using length-48 ZC sequence transmitted over 4 RBs 
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Figure 3 SINR estimation error 
Moreover, the IM-RS shall be structured in a way to support various measurement bandwidth and partially overlapped measurement across cells, e.g., UE #1 in cell #1 is measuring over RBs #n-#(n+1), while UE#2 in cell #2 is measuring over RBs #n and UE#3 in cell #2 is measuring over RBs #(n+1)-#(n+2) as illustrated in  Figure 4. Partial-overlapping of the IM-RS would impact the cross-correlation property of the reference sequences. To minimize the impact of partial overlapping, one approach is to use a PRB specific sequence as discussed in [5]. Such a bandwidth allocation independent framework is also compatible IFDMA comb structure and or time-domain cyclic shifts. Moreover, since the sequence is PRB specific, all the sources in a cell transmitting on the same band would be using identical sequence, which guarantees that time-domain cyclic shifts will result in orthogonal separation of the multiple source transmissions irrespective of the overlap. One example of PRB specific reference sequence can be binary Golay sequence that has relatively lower PAPR as well as has good auto and cross-correlation properties. In another approach, block-wise ZC sequence can be applied, where instead of using a single wideband sequence to cover the whole measurement bandwidth, blocks of sequences can be used over the measurement bandwidth. Block-wise sequence can result in higher PAPR as compared to wideband sequence. PAPR reduction methods include: apply cyclic shift hopping of a base sequence among blocks, apply different phase rotation on a base sequence to different blocks, and apply scrambling sequences on the block-wise sequence. Figure 5 compares the PAPR values of IM-RS types. For block-wise IM-RS, length-48 ZC sequence over 4 RB block is assumed. 100 RBs is assumed in the carrier bandwidth. It can be observed that the PAPR of block-wise sequence with cyclic shift can achieve that of wideband sequence.
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Figure 4 Example on partial overlapping of the IM-RS between two cells
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Figure 5 PAPR results for different ZC based sequences types 
Proposal 1: RS for interference measurement in dynamic TDD shall strive to achieve the following design targets:  
1) Used at least for SINR measurement for rate adaption
2) Aligned in transmission timing between DL and UL 

3) Transmitted prior to the corresponding data transmission

4) Transmitted in the same resource in frequency domain as assigned for the corresponding data

5) Jointly optimized for DL and UL 
Proposal 2: The following characteristics are desirable for IM-RS

1) Use sequences with good auto-correlation and cross-correlation properties

2) Support various measurement bandwidth and partial overlapping
2.1 Potential Impairment
When RS for DL and UL interference measurement are transmitted from different cells in the same symbol location of a slot, there could be time misalignment due to difference in DL and UL transmission timing and propagation delay. Figure 4 (a) and (b) illustrate examples of timing misalignment when doing interference measurement at the UE and at the BS, respectively. When doing interference measurement at UE 1, due to propagation delay, the desired signal would arrive at UE1 at a time offset of 
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 is the speed of light. On the other hand, the interfering signal from UE2 in the UL direction would arrive at UE1 at a time offset of 
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 is the distance between UE2 and BS2. The time difference between the desired signal and the interfering signal is therefore 
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. When doing interference measurement at BS2, the interfering signal from BS1 would arrive at BS2 at a time offset of 
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Figure 4 Examples on the timing misalignment on the interference measurement symbol
3 Conclusion 

In this contribution, we presented our views on RS design for interference measurement in dynamic. Based on the discussion we draw the following observations and proposals:
Proposal 1: RS for interference measurement in dynamic TDD shall strive to achieve the following design targets:  

1) Used at least for SINR measurement for rate adaption

2) Aligned in transmission timing between DL and UL 

3) Transmitted prior to the corresponding data transmission

4) Transmitted in the same resource in frequency domain as assigned for the corresponding data

5) Of the same type and jointly optimized for DL and UL 
Proposal 2: The following characteristics are desirable for IM-RS

1) Use sequences with good auto-correlation and cross-correlation properties 

2) Support various measurement bandwidth and partial overlapping
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