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1 Introduction
At the RAN1 #89 meeting, it was agreed that [1]
· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering UE-to-UE interference 

· Details for the enablers, including:

· detailed configurations (RS time/frequency positions, periodicity, # of ports, bandwidth, etc.)

· detailed reporting 

· performance metrics

· long-term and/or short-term

· timing offset considerations

· overhead

· whether or not to identify the aggressor(s)

· whether or not to use the same framework as in MIMO (if so, how)

· Aim to make a decision whether or not to support CLI management using an existing RS covering UE-to-UE interference in the next RAN1 meeting and if so, the details

· Companies are encouraged to provide more details on and to further evaluate enablers for CLI management using an existing RS covering TRP-to-TRP interference 

In this contribution, we discuss details on CLI measurement scheme and provide preliminary evaluation results on the discussed CLI measurement scheme. 
2 Cross-link interference measurement details
As discussed in our previous contributions [2]

 REF _Ref485326568 \n \h 
[3] and evaluations [4]-[6], accurate and timely CLI measurement is the key enabler to achieve the gains of flexible duplexing. By properly choosing the measurement timing and resource, it is possible to enable cross-link interference measurement with low specification impact, low overhead and minimal requirement on network coordination. The key consideration is to perform interference emulation by the reference signals so that link adaption can be conducted accordingly. To achieve interference emulation, rules on the reference signal transmission shall be defined: 
1) The data source node transmits RS at K (K>=0) slots before the corresponding data transmission

2) The DL and UL RS shall be transmitted at a fixed time location of a slot
3) The DL and UL RS shall use the same transmission scheme and transmit in the same frequency resource locations as the corresponding data
In addition, as discussed in our companion contribution [7], to reduce overhead and improve measurement accuracy, it is desirable to have 
4) DL and UL RS transmit in the same symbol(s) of the respective slot (time-aligned DL and UL RS transmission)
With the above-mentioned rules in place, a UE or a BS can do signal detection to calculate the SINR as both desired signal and interference signals are transmitted at the same time. The calculated SINR from RS can closely reflect the SINR that is going to be experienced by the data as the RSs are transmitted in the same frequency resource locations as the corresponding data. 
Figure 1 illustrates the interference measurement procedure. To serve a DL data transmission, the BS transmits DL control information to schedule the measurement reference signal transmission at K (K>=0) slots before the intended DL data transmission. The DL control information shall include the time/frequency resource over which the reference signal would transmit, transmission scheme related information (such as number of MIMO layers), reference signal configuration (such as scrambling ID) and the destination UE ID. Following PDCCH transmission, BS transmits the measurement RS accordingly for the scheduled destination UE to do the measurement. In the meantime, other data sources (either BS or UE) that have upcoming data transmission would also transmit measurement RS K slots ahead for their scheduled destinations to detect. The RS from the data sources, which have data transmission in slot #n, therefore create interference to each other in slot #(n-K) via their respective measurement RS transmission. In detection, the destination UE can first detect its desired signal, then remove the detected desired signal from the received signal to get the interference, and then calculate SINR based on the detected desired signal and the interference. The UE reports measurement result in the next available PUCCH occasion. The measurement report can contain CQI and RI information (if the RI calculated considering interference is different from the originally scheduled rank). With the received UE reporting, the BS can then schedule the data transmission accordingly. The measurement procedure for a UL data transmission can be similarly defined: BS schedule UL measurement. The scheduled UE then transmit the measurement RS in a time location that aligned with the other data source’s measurement RS transmission. BS will then do the SINR detection and schedule the corresponding UL data transmission. 

By this interference measurement approach, there is no need to identify the aggressors. To ensure time aligned measurement RS transmission, the cell shall have the same values for the relative timing between measurement RS transmission and the corresponding data transmission. The interference measurement approach not only captures BS-BS and UE-UE interference but also BS-UE interference, so that achieves a unified framework for interference measurement. 
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Figure 1 Interference measurement procedure
Proposal 1: Transmission of the reference signal for cross-link interference measurement shall follow the following rules: 

1) The source node transmits RS at K (K>=0) slots before the corresponding data transmission

2) The DL and UL RS shall be transmitted at a fixed time location of a slot

3) The DL and UL RS shall use the same transmission scheme and transmit in the same frequency resource locations as the corresponding data

4) DL and UL RS transmit in the same symbol(s) of the respective slot (time-aligned DL and UL RS transmission)
2.1 Reference signals for CLI measurement
As discussed, interference measurement is conducted by estimating the desired signal from the RS and then subtracting it from the overall received signal. The RS used for interference measurement shall be feasible for channel estimation and shall represents the interference level. The RS therefore shall have the following properties:
1) The RS shall have sufficient RE density for channel estimation in the presence of interference.
2) The RS from different sources and different antenna ports shall use overlapping resources. This is to ensure the RS represents the interference power level.

In the DL, considering that intra-cell interference measurement for MU-MIMO have the similar requirement as CLI measurement, it is desirable to have a RS to fulfill both CLI measurement and MU-MIMO measurement functions.
In the UL, subband SRS can be an option as long as SRS design fulfills the above mentioned properties for cross-link interference measurement. 
Proposal 2: It is desirable to use colliding RS for SINR measurement capturing cross-link interference. The colliding RS shall have the following properties:
1) The RS shall have sufficient RE density for channel estimation in the presence of interference.

2) The RS from different sources and different antenna ports shall use overlapping resources.

Proposal 3: Strive to enable cross-link interference measurement in the same framework as the other measurement 
2.2 CLI measurement reporting
CQI, RI and indication on the selected layers can be reported based on the measured SINR of each pre-coded layer. The RI and indication on the selected layers allow rank adaptation based on the interference condition. Some of the layers that were originally scheduled (which was based on CSI measurement without considering CLI) may not be used for data transmission due to interference. Rank adaptation could improve overall throughput. The CQI is calculated and reported based on the SINR of the layers that are selected for data transmission. 
Proposal 4: Rank adaptation can be applied based on CLI measurement.

Proposal 5: CLI measurement reporting can contain information on CQI, RI and indication on the selected layers. 

2.3 Requirements on timing offset
As the cross-link interference measurement procedure does not require to detect RS from the aggressor nodes. The requirement on timing alignment among the interfering nodes is relaxed. The source and destination nodes in a links are only required to ensure timing alignment between themselves but not to the other interfering links in the network. Large time offset may cause inaccurate SINR measurement. The SINR estimation error is proportional to the timing offset. 

2.4 Requirements on cell coordination  

The proposed CLI measurement approach requires the cells to be align on 

1) the RS transmission time location in a slot
2) the relative timing between RS transmission and the corresponding data transmission 

These two parameters can be either fixed by specification or configurable by high layer signaling. In case configuration, the neighboring cells need to coordinate to apply the same configurations. Such coordination among cells can be over a large time scale. 
3 Evaluation results

In our previous contribution [3], we showed that dynamic TDD could have high SINR mismatch between the estimated SINR and the actual SINR experienced by the data transmission if the measurement cannot reflect the interference level experienced during the data transmission. We have also showed in our previous evaluations [4]-[6] that with the proposed CLI measurement scheme, the measurement can well emulate the data channel SINR so that link adaptation can be applied to get superior UPT performance. 
In this evaluation, we provide preliminary results on SINR estimation performance of the proposed scheme. The DL RS is assumed as PN sequence with density 12 REs per PRB over one symbol. Each cell has a unique base sequence with frequency domain OCC-12 applied to differentiate the different layers. The UL RS sequence is chosen as ZC sequence with with 12 REs per PRB over one symbol. Each cell has a unique base sequence with cyclic shift applied to differentiate the different layers Both DL RS and UL RS are applied after MIMO precoding. The resource allocation is in the unit of 4 PRBs. We simulated the micro cell layer in dense urban scenario with 3, 6, 9 micro cells in a macro cell. The simulation assumptions are showed in the Appendix. 
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Figure 2 SINR estimation error as compared to perfect SINR. Left: single layer transmission in DL and UL. Right: maximum 4 layers transmission in DL and UL

Figure 2 showed the SINR estimation error as compared to SINR calculated based on perfect knowledge on channel and interference. It can be observed that the estimated SINR can closely match with the perfect SINR. With the number of layer increase and with the cell density increase, interference would increase, resulting in higher SINR estimation error. Please note that the used RS in the evaluation is not optimized. More studies are needed to find good RS type. 
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Figure 3 Estimated SINR with RI adaptation and number of ranks with and without rand adaption
As the originally scheduled RI is based on CSI measurement without considering cross-link interference, some of the originally scheduled layers may suffer from high cross-link interference. Rank adaptation can therefore applied based on the CLI measurement results. The corresponding data transmission can then use the newly selected layers and CQI. In Figure 3, we showed the estimated SINR and the rank values with and without rank adaptation. It can be observed that with rank adaptation, the number of selected layers reduces and the SINR improves. We expect throughout improvement by rank adaptation. Further evaluation will be needed to quantify the throughput gains. 
4 Conclusion 

In this contribution, we presented our views on cross-link interference measurement details. Based on the discussion we draw the following observations and proposals:
Proposal 1: Transmission of the reference signal for cross-link interference measurement shall follow the following rules: 

1) The source node transmits RS at K (K>=0) slots before the corresponding data transmission

2) The DL and UL RS shall be transmitted at a fixed time location of a slot

3) The DL and UL RS shall use the same transmission scheme and transmit in the same frequency resource locations as the corresponding data

4) DL and UL RS transmit in the same symbol(s) of the respective slot (time-aligned DL and UL RS transmission)
Proposal 2: It is desirable to use colliding RS for SINR measurement capturing cross-link interference. The colliding RS shall have the following properties:
1) The RS shall have sufficient RE density for channel estimation in the presence of interference.

2) The RS from different sources and different antenna ports shall use overlapping resources.

Proposal 3: Strive to enable cross-link interference measurement in the same framework as the other measurement 
Proposal 4: Rank adaptation can be applied based on CLI measurement.

Proposal 5: CLI measurement reporting can contain information on CQI, RI and indication on the selected layers. 
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6 Appendix

Simulation assumptions are listed in the following table, which is based on [8]. 
	Parameters
	Dense urban micro layer

	Layout
	3/6/9 micro cells per macro, uniformly dropped

	Micro cell radius
	50m

	Min TRP-TRP distance 
	40m/32m/25m for 3/6/9 micro cells

	Min TRP-UE distance
	10m

	Carrier frequency 
	4GHz 

	Simulation bandwidth
	20MHz 

	Channel model [9-11]
	TRP-to-UE: 3D UMI [11]

TRP-to-TRP: 3D UMI (h_UE=10m), ASA statistics updated to be the same as ASD

UE-to-UE: 3D UMI, ASD statistics updated to be the same as ASA.

	BS Tx power 
	33dBm 

	UE Tx power 
	23dBm

	BS antenna configurations [11]
	(M, N, P, Mg, Ng)=(8, 4, 2, 1, 1) Omni antenna model

	BS antenna height 
	10m

	BS receiver noise figure
	5dB

	UE antenna configuration
	(M, N, P, Mg, Ng)=(2, 1, 2, 1, 1) Omni antenna model

	UE antenna height
	1.5m

	UE receiver noise figure
	9dB

	UE association
	Based on RSRP measurement [11]

	Traffic model
	Full buffer

	UE distribution
	10 users per TRP 

- 80% indoor


PAGE  
6/6

RS
PDCCH
Data
PUCCH
PDCCH
RS
PDCCH
Data
PDCCH
BS
UE
Interference from RS Tx by other data sources
DL RS Tx
Meas. Sch.
Meas. FB
Data Tx Sch.
DL Data Tx
Meas. Sch.
UL RS Tx
Data Tx Sch.
UL Data Tx
Interference from RS Tx by other data sources
...
...
...
...
Slot n
Slot (n-K)
Slot m
Slot (m-K)



