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1 Introduction
During the NR study item, it was included that “NR supports … TDD operation on an unpaired spectrum where the transmission direction of most time resources can be dynamically changing. DL and UL transmission directions at least for data can be dynamically assigned on a per-slot basis at least in a TDM manner.’’. At RAN#75 [1], according to the outcome of the study item, the NR should specify the enablers for interference management mechanisms for handling cross-link interference. In RAN1#90, it was decided that TRP to TRP interference measurements will not be specified in Rel-15 and that either or both of RSRP based and RSSI based UE to UE cross link interference measurements will be supported [3].  

In this paper, we discuss the relative merits of RSRP and RSSI based UE to UE cross link interference measurements, considering their measurement complexity and potential performance gains.   Simulation results are presented quantifying the number of dominant interferers that may need measurement.  Proposals are made on which measurements to specify based on the discussion and results.
2 Discussion
2.1 SRS-RSRP measurement requirements
As discussed above, either or both of RSRP and RSSI based measurements will be specified in Rel-15. We further note that it has been agreed to use at least SRS for RSRP based cross link interference measurements (if they are specified) [3].  RSSI measurements are the least complex type of measurements since these are essentially energy measurements and there is no digital processing of signals such as correlation or demodulation needed. RSRP measurements are more complex since the UE must measure the received power of a specific sequence which requires it to correlate against the sequence.  The number of interfering UE SRSs that must be received is then a key aspect of the use of SRS-RSRP measurements.  
SRS-RSRP measurements are used to identify particular UEs that interfere, presumably to use in UE specific interference coordination schemes.  As such, it is important to identify any dominant interfering UE in a serving or neighbour cell.  Since dense small cell scenarios seem to be the ones where dynamic TDD is the most feasible, and therefore where cross link interference mitigation mechanisms could have some potential, we study the NR indoor office scenario [2] with 12 access points operating in 30GHz. We consider different traffic loads from low to high, corresponding to the average node utilizations from 10% to 90%. The system layout is shown in the figure below, and further simulation details are in the Appendix.  We consider a UE served by AP#1, and define the distance to a UE served by an interfering TRP in units of ‘hops’ away from the serving cell, where we define a ‘hop’ as the next nearest set of roughly equidistant APs to the first AP.  The first through fifth ‘hops’ includes APs {2,7,8}, {9,3}, {4,10}, {5,11}, and {6,12}, respectively. Ten UEs are associated with each AP, and so the APs serving the first hop have 30 UEs, while the remainder have 20 UEs.  Note that UEs in AP#1 are at a corner of the hotspot, and so the number of strongly interfering UEs is a lower bound of what would be observed for more centrally located UEs.
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Figure 1: Simulated Indoor Hotspot layout
In the figure below we show the probability that a dominant UE to UE interferer is 1 to 5 ‘hops’ away from the serving AP.  We can see that the dominant interferer tends to be in the neighboring APs (i.e. 1 hop away), as expected, and that this occurs roughly 50% of the time over a range of loads (noting that the probability does not vary much with load).  However, the dominant interferer also comes roughly 25% of the time from an AP that is two hops away, and ~17 % of the time from 3 hops away.  We therefore observe that the dominant interferer is within 1, 2, or 3 hops roughly 50%, 75%, or 92% of the time.  The number of UEs in APs that are within 1, 2, or 3 hops away from the serving cell are 30, 50, and 70.  If we want to identify a dominant interferer with high reliability (say 92%), we need to be able to receive SRS from 70 different UEs in this scenario.  
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Figure 2: Probability that a dominant interferer is ‘n’ hops away from serving AP
Observations:

· There can be many distinct dominant interferers in scenarios where cross link interference mitigation has potential, since dominant interferers are often covered by relatively distant APs.
· For example, an indoor hotspot setup can require monitoring of 70 UEs (served by 7 APs) to find a dominant interferer with more than 90% probability.

· SRS-RSRP would require many different SRS measurements and/or reports to distinctly identify dominant interfering UEs.
Conclusion:
· Using SRS-RSRP to identify dominant interferers does not seem generally feasible without excessive measurement and/or reporting at the UE.

2.2 CLI measurement using RSSI and RSRP

The above conclusion is unfortunately in conflict with the basic purpose of RSRP measurement to separately estimate the power of interferers.  However, this motivation for RSRP is not clear to us, given our observations in [4] where we actually found some potential loss from the use of UE to UE cross link interference (CLI) measurement to switch between dynamic TDD and semi-static TDD configurations. 

The above conclusion is however consistent with the agreements from RAN1#90, which aim to limit the maximum number of SRS resources, allowing for cell-level, or UE group-level differentiation.  If we presume that multiple UEs transmit on a given SRS resource, it would be possible to use one or a few SRS resources for CLI measurement.  However, if one or a few resources are used, then the SRS-RSRP measurement is quite similar to an RSSI measurement: in both cases the power of multiple interferers are measured.  Furthermore, RSSI measurements could be conducted over different subset of REs in an OFDM symbol, using the same resource as a few SRSs multiplexed onto an OFDM symbol.

RSSI measurements are more generic in that no particular sequence is assumed, and so the power of any signal is measured independently of whether it is spread with a sequence over multiple REs or if it is modulated on a per RE basis.  This means that RSSI would measure the same power for PUSCH and for SRS that are transmitted at the same power, whereas RSRP would measure PUSCH at a relatively lower transmit power than SRS due to processing gain.  Therefore, RSSI is a more flexible measurement mechanism and can be used to measure CLI of actually transmitted PUSCH without the need for scheduling SRS transmissions for CLI measurement purposes. While it is suitable for cell-level or UE group-level differentiation, this type of CLI measurement is not well suited for individual UE differentiation, and primarily targets the detection of the presence of CLI. While such measurements only support less advanced CLI mitigation schemes, such as switching to static TDD configuration in the presence of significant CLI, and not more advanced schemes such as UE-level scheduling coordination, SRS does not have to be transmitted specifically for CLI measurement purposes, which reduces UL overhead. Furthermore, SRS configurations does not have to be coordinated between cells which reduces backhaul load and allows for less complicated NW implementation. As the feasibility and benefit of UE-level scheduling coordination is unclear, these simpler CLI mitigation approaches should be preferred, which further speaks in benefit of RSSI-based measurements.
Observations:
· The purpose of using RSRP measurements is to separately estimate the power of interferers

· However, the benefit of such UE specific measurement to improve capacity in dynamic TDD is not clear [4]
· Cell-level or group-level SRS-RSRP 

· Provides similar CLI information as RSSI using a similar amount of UL resource
· Has higher receiver complexity than RSSI

· Is not a flexible interference measurement mechanism

· Targets measurement of SRS rather than PUSCH or a mix of SRS and PUSCH. 

· RSSI measurements are more general, and do not rely on the interference having a particular structure

· SRS, PUSCH, or other physical channels or signals can be equally well measured even if they occupy the same REs
SRS resources seem the most straightforward mechanism to use for CLI measurement, as they are already defined and can be transmitted periodically.  RSSI measurement can be conducted on SRS resources straightforwardly by using a subset of the SRS configuration parameters.  The SRS periodicity, time offset, comb offset, bandwidth, frequency location, and/or frequency hopping could be reused, while sequence related parameters such as the cyclic shift, root sequence, etc., are not used.
One concern raised during discussion in RAN1#90 was if downlink and interference can be differentiated measured in CLI measurements.  Given that the network can avoid scheduling downlink transmissions in certain OFDM symbols and/or REs, we expect sufficient CLI measurement occasions can be available where downlink interference is not present.  We note that central coordination to schedule such CLI measurement occasions should be straightforward in gNB implementation in the small cell scenarios where cross link interference mitigation is potentially beneficial.
Observations:

· SRS resources are well suited to CLI measurement

· Differentiating between downlink interference and uplink interference can be handled by gNB implementation

Proposal:
· Support only RSSI for CLI measurement in Rel-15

· RSSI is measured on SRS resource configurations using a subset of SRS parameters
· SRS sequence related parameters are not used.

3 Conclusions

In this contribution, we discussed the relative merits of RSRP and RSSI based UE to UE cross link interference measurements, considering their measurement complexity and potential performance gains. The following observations, conclusion, and proposals were made.
Observations:

· There can be many distinct dominant interferers in scenarios where cross link interference mitigation has potential, since dominant interferers are often covered by relatively distant APs.
· For example, an indoor office setup can require monitoring of 70 UEs (served by 7 APs) to find a dominant interferer with more than 90% probability.

· SRS-RSRP would require many different SRS measurements and/or reports to distinctly identify dominant interfering UEs.
Conclusion:

· Using SRS-RSRP to differentiate dominant interferers does not seem generally feasible without excessive measurement and/or reporting at the UE.

Observations:

· The purpose of using RSRP measurements is to separately estimate the power of interferers

· However, the benefit of such UE specific measurement to improve capacity in dynamic TDD is not clear [4]
· Cell-level or group-level SRS-RSRP 

· Provides similar CLI information as RSSI using a similar amount of UL resource

· Has higher receiver complexity than RSSI

· Is not a flexible interference measurement mechanism

· Targets measurement of SRS rather than PUSCH or a mix of SRS and PUSCH. 

· RSSI measurements are more general, and do not rely on the interference having a particular structure

· SRS, PUSCH, or other physical channels or signals can be equally well measured even if they occupy the same REs

Observations:

· SRS resources are well suited to CLI measurement

· Differentiating between downlink interference and uplink interference can be handled by gNB implementation

Proposal:
· Support only RSSI for CLI measurement in Rel-15

· RSSI is measured on SRS resource configurations using a subset of SRS parameters

· SRS sequence related parameters are not used.

4 References

[1] RP-170855, “New WID on New Radio Access Technology”, NTT DOCOMO Inc.

[2] TR 38.802, “Study on New Radio (NR) Access Technology; Physical Layer Aspects (Release 14)”
[3] Chairman Note’s 3GPP RAN WG1#90
[4] R1-1716234, “On Hybrid TDD and Measurement for Cross-link Interference”, Ericsson

5 Appendix

Table 1: Additional simulation assumptions for Indoor hotspot
	Layout
	Single layer

Indoor floor: (120m x 50m)

Candidate TRP numbers:  12
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	Inter-BS distance
	20m for 12 TRP

	Minimum BS-UE distance
	0m 

	System bandwidth per carrier
	80MHz

	Carrier frequency 
	30GHz

	Sub-carrier spacing
	60kHz

	Slot duration
	0.25ms

	Distance-dependent path loss
	TRP-to-UE: 5GCM Indoor-office
-TRP-to-UE: 5GCM Indoor-office (h_UE=3m)

-UE-to-UE: 5GCM Indoor-office (h_BS=1.5m)

	BS antenna pattern
	64 antenna elements. Boresight direction is perpendicular to the ceiling. Antenna model is taken from Wall-mount (90 degree HPBW in azimuth and zenith) in Table A.2.1.7 in [2] 
· Antenna array baseline configuration:

·  (M,N,P,Mg,Ng) = (4, 8, 2, 1, 1) , dH = dV = 0.5 lambda for 30GHz

	BS Tx power
	23dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 23dBm

	UE Tx power
	23dBm

	BS antenna height
	3m

	BS antenna gain + connector loss
	5dBi

	BS receiver noise figure
	7dB

	UE antenna height
	1.5m

	UE antenna configuration
	Directional antenna with random horizontal orientation

	UE receiver noise figure
	10dB

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	MCS and link adaptation
	Realistic link adaptation with CQI feedback delay of 5ms

	Traffic model
	FTP model 3 with packet size 0.5Mbytes

	Traffic load (resource utilization)
	Average node utilizations: from 10% to 90%

	UE distribution

	100% Indoor, 3km/h,
10 users per BS

	UE-UE minimum distance (2D distance)
	3m 



