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Introduction
At the RAN #75 meeting, the WI on NR were approved, and the detailed objectives of this work item for NR duplex are the followings [1]:

	Agreements at RAN #75:
· Duplexing identified in Section 5.1 of TR38.802 supported by a PHY design common to paired and unpaired spectrum, including [RAN1, RAN2, RAN3]:
· Enablers for interference management mechanisms for handling cross-link interference.
· Note: down-selection on enablers for interference management mechanisms is to be discussed in RAN1



At the RAN1 NR AH#2 meeting, following agreements on UE-to-UE measurement were achieved [2]:
	Agreements at NR AN#2:
· For CLI management, support UE-to-UE interference measurement and reporting without the introduction of new RS(s)

· For UE-to-UE interference, support CLI measurement metrics which include at least one of
· RSRP for the purpose of CLI
· FFS the definition (e.g., based on SRS, DM-RS, etc.) and the corresponding reporting
· RSSI for the purpose of CLI
· FFS the definition (e.g., resources for the measurement) and the corresponding reporting
· For UE-to-UE interference, FFS additionally support CQI/CSI as the CLI measurement metrics and if so, its definition/reporting




At the RAN1#89 meeting, enablers on cross-link interference mitigation were discussed and following agreements were achieved [3]:
	Agreements at RAN1#89:
· 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 

Conclusion:
· Study further whether or not at least the following information is provided among gNBs via backhaul signaling: 
· Configurations of reference signal for CLI management, which is transmitted from gNBs
· FFS Details
· Also the connection with TRP-to-TRP measurement




At the RAN1#87 meeting, following agreements were achieved regarding to NR duplex[4]:
	Agreements at RAN1#87:
· NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner



In this paper, we provide our views on cross link interference mitigation for duplexing flexibility.
Discussion on cross-link interference mitigation
Potential CLI mitigation mechanisms were captured in the table 10.1-1 of TR [5], e.g. advanced receiver, power control, coordinated scheduling among gNB, sensing, etc. According to the WID description [1], RAN1 needs to discuss on down-selection on enablers for those mechanisms. Meanwhile, at the last RAN #75 meeting, it was approved that L1 and L2 design for Non-Standalone 5G-NR eMBB including the duplexing part should be completed by Dec. 2017 with commonality with Standalone case [6]. Considering the limited time schedule, generally RAN1 should prioritize essential features to work NR well as far as possible. Additional enhancements can be considered further after the essential mechanisms are well established. In this section, we present our views on cross-link interference mitigation for flexible duplex.

Advanced receiver
It has been agreed that NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner. This implies that fully dynamic TDD is possible to be supported in NR. Advanced receiver is one promising way to support this new feature since it does not have any restrictions on the UL/DL transmission direction. In addition, evaluation results show that cross-link interference can be effectively suppresed at the receiver by advanced receiver algorithm. From our evaluation contribution [7], we observed that flexible duplex with only MMSE-IRC receiver has enough gain compared with static TDD in indoor hotspot scenario with low and medium load (Source 1 of Table 10.1-2 in TR [5]). In our contribution in RAN1#88bis [8], we further compared the performance of MMSE-IRC, EMMSE-IRC and ideal IC receiver (as upper bound of IC type receiver). From the results, we can see that EMMSE-IRC has better performance gain in both 5%ile and avergae UPT, and IC receiver has potentially significant gain in both 5%ile and average UPT than MMSE-IRC.
Observation 1: 
· In indoor hotspot scenario, flexible duplex with only advanced receiver has enough gain compared with static TDD at least in low and medium load.
Furthermore, the specification impact of advanced receiver may be quite limited. For MMSE-IRC, in principle, it can be implemented without any specification impact. Of course, in order to further enhance the performance of MMSE-IRC, interference covariance estimation can be further optimized with limited specification impact, e.g., CLI measurement. For EMMSE-IRC, the only possible impact is some inter-gNB information exchange via backhaul.
At the last RAN1 meeting, the necessary backhaul signalling exchange among gNB is discussed. And whether or not configurations of reference signal for CLI management is provided among gNBs via backhaul signaling is for further study. From our point of view, at least DMRS structure information exchange among gNB via backhaul signaling is beneficial since it can well enable cross-link channel estimation for EMMSE-IRC receiver for interference mitigation.
Proposal 1:
· Considering significant performance gain and limited specification impact, at least advanced receiver should be supported for NR duplex.
· At least DMRS configuration information is provided among gNBs via backhaul signalling to enable EMMSE-IRC.

Hybrid dynamic/static UL/DL resource assignment
Flexible duplex is not always beneficial to the system performance, e.g., when the traffic load is high, when small cells are densely deployed or when coexisting with LTE. From the evaluation results in [5], it can be observed that in high load, flexible duplex does not have enough performance gain (or bring some performance loss). This means that flexible duplex is not always needed. To address this issue, one simple/robust approach is to fall back to static/semi-static TDD. For example, when flexible duplex is not beneficial, the system falls back to static TDD in which cross-link interference can be avoided. This fall-back mechanism is already referred to as “hybrid dynamic/static UL/DL resource assignment” in TR38.802. Based on the above discussion, we believe “hybrid dynamic/static UL/DL resource assignment” is beneficial to avoid cross-link interference at certain scenario. In RAN1#88bis, semi-static assignment of UL/DL transmission direction based on higher layer signalling has been agreed and backhaul signalling for exchange of intended DL/UL transmission direction configuration has also been agreed. Regarding the further detail of semi-static TDD, it would be discussed in the A.I. of scheduling/HARQ.

Proposal 2: 
· Hybrid dynamic/static UL/DL resource assignment should be assumed at least for the case when the traffic load is high.

Power control
As we evaluated in [8], achievable UPT with advanced receiver highly depends on receiver type and tighter network coordination is required for advanced receiver with higher UPT. Therefore, supplemental interference mitigation scheme is also considered. In Rel-12, RAN1 introduced UL power boosting mechanism to tackle with strong eNB-to-eNB interference. We believe UL power control provides supplemental UL UPT gain and this should be supported in Rel-15. In NR, hybrid TDD, which is a switching between semi-static TDD operation and fully dynamic TDD operation, is considered. In medium loaded case, TDD operation similar to Rel-12 eIMTA, i.e., mixture of fixed slot and flexible slot, can enhance the UPT compared to fully dynamic and semi-static TDD operation because of good balance between cross link interference and ability for traffic adaptation. Some system evaluation results considering UL power boosting can be found in section 4. Besides, if UL power control is specified in the latter releases, increased UE-to-gNB interference caused by UL power boosting performed by Rel-16 or later UEs will impact on Rel-15 UEs regarding UL UPT. Then UL power boosting may require careful control to protect Rel-15 UEs and UL power boosting may not provide robust performance gain.

In Rel-14, the UL power boosting was realized by subframe-set specific power control to exploit fixed subframe and flexible subframe which is determined by TDD UL/DL configurations. However, in NR, most of the slots can be flexible for dynamic TDD operation. Therefore we have no choise but to apply dynamic power control switching. Neverthless the difference in the dynamism of power control, we consider such operation is possible in some deployment scenarios, e.g., centralized scheduler or dynamic information exchange of UL/DL direction among gNBs, etc.

For open-loop power control, parameter set, (e.g., alpha and P0 for fractional TPC) is dynamically switched by PDCCH. Here, PDCCH would be group-common PDCCH and/or UE-specific DCI. Such power switching mechanism is an unitifed solution for various use cases, e.g. beam/waveform/numerology specific power control,  as discussed in our contribution in UL PC [9]. For closed loop PC, detailed mechanism needs further discussion because necessary range of TPC command and its robustness is not so clear.

Proposal 3: 
· Dynamic UL power control based on PDCCH is additionally supported for gNB-to-gNB interference mitigation.
· For open-loop power control, parameter set (e.g., alpha and P0 for fractional TPC) is dynamically switched by PDCCH.
· FFS: Detailed mechanism of closed loop power control.
· FFS: Group-common PDCCH and/or UE-specific DCI.

Other schemes
In addition to the above interference mitigation mechanisms, other mechanisms have been also discussed at RAN1#88 meeting, e.g., sensing, timing alignment, etc. Although some evaluation results in [5] showed that these mechanisms, e.g. sensing, can improve the performance gain of flexible duplex. However, sensing on licensed band may be very different from that on licensed band and the sensing accuracy is not clear. Besides, the sensing threshold may be different depending on the band, region, etc. Furthermore, as discussed above, RAN1 should prioritize essential features to work NR well as far as possible. While we believe sensing or TA would be nice-to-have type feature and the specification is not urgent. 
Proposal 4: 
· Other enhancement, like sensing, TA can be considered in later phase.

Discussion on cross-link interference measurement

TRP-to-TRP measurement
At the RAN1#89 meeting, it was agreed that 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. For TRP-to-TRP measurement, in our view it can be left to NW implementation since we cannot and should not specify resulting gNB scheduler behaviour. Therefore, specified TRP-to-TRP measurement may not be so important.

Proposal 5: 
· [bookmark: OLE_LINK2][bookmark: OLE_LINK4]TRP-to-TRP measurement can be left to NW implementation.

UE-to-UE measurement
In the last RAN1 meeting, it was agreed to support UE-to-UE measurement and reporting without introduction of new RS(s). Besides, at least one of the measurement metrics, i.e., RSRP and RSSI, is supported for UE-to-UE interference measurement. However, how to define/utilize RSSI and RSRP for the purpose of CLI is still FFS. In the following, our views on RSSI and RSRP definition and some issues on UE-to-UE measurement based on RSSI and RSRP are discussed.

3.2.1 RSSI for UE-to-UE measurement
In LTE, received signal strength indicator (RSSI) is defined as the linear average of the total received power (in [W]) observed in the configured OFDM symbol and in the measurement bandwidth over N number of resource blocks, by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise, etc. Therefore, LTE RSSI reflects the wireless link quality with the same transmission direction. Unlike LTE, for NR duplex, to enable interference coordination for UE-to-UE interference mitigation, gNB needs to know the cross-link interference level of interfered UEs. In this case, RSSI can be considered as a measurement metric to reflect the cross-link interference level from aggressor UEs. More accurately, RSSI can be measured only in the configured measurement resources and in the measurement bandwidth over N number of resource blocks, by the UE from all interfering sources with different transmission directions. 
One main issue of RSSI measurement is the measurement resource configuration. To better reflect the cross-link interference due to traffic load variation, the measurement resource can be configured to overlap with DMRS/PUSCH resource. One simple way to realize this is reusing the existing ZP CSI-RS resource configuration in MIMO framework. For example, as shown in Fig.1, victim UE is configured with a measurement resource on existing ZP CSI-RS, then victim UE can measure the cross-link interference from neighbouring UEs on the configured resource. Based on the measurement results and reporting, interference coordination at the victim gNB can be performed for UE-to-UE interference mitigation. 
[image: ]
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Fig.1 Measurement resource configuration 
Besides, considering that the UL/DL transmission direction is dynamically changed for duplex flexibility, the measured cross-link interference level may change dynamically. One possible way is to estimate the instanoeus interference level, however the measurement and reporting complexity and overhead would bevery significant. To ensure the measurement accuracy with considerable complexity and overhead, multiple interference measurement processes can be configured to reflect the different cross-link interference hypothesis due to dynamic UL/DL change. As shown in Fig.2, to measure the different interference hypothesis for the UE in cell A, four interference measurement processes can be configured as shown in the right table. On IMR 1, victim UE in cell A can predict the interference hypothesis without cross-link interference. On IMR 2, the victim UE in cell A can predict the cross-link interference from both cell B and cell C. On IMR 3 and IMR 4, the victim UE can predict the cross-link interference from cell B and cell C, respectively. With these measurement results, coordination among gNBs can be performed. Since the intended UL/DL transmissin direction can be exchanged among gNB via backhaul, it is easy to configure different IMR processes for the victim UE by its serving gNB.

[image: ]            [image: ]
Fig.2 Multiple IM processes
Based on the above discussion, we have the following proposal:
Proposal 6: 
· For RSSI-based UE-to-UE measurement, 
· At least the measurement resource configuration reusing existing ZP CSI-RS should be supported.
· Multiple interference measurement processes can be considered to improve the measurement accuracy.

3.2.2 RSRP for UE-to-UE measurement
In LTE, reference signal received power (RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth. For UE-to-UE measurement, since it was agreed not to introduce new RS(s) for measurement, therefore, the RSRP for CLI can be defined as the linear average over the power contributions (in [W]) of the resource elements that carry sounding reference signals within the considered measurement frequency bandwidth. Measurment on DM-RS may require tighter coordination among gNBs for the UE-to-UE measurement considering dynamic scheduling in UL. In this case, using RSRP, the victim UE can estimate the cross-link interference from a specific interfering UE. Although with such cross-link interference information, more finer interference coordination can be performed among gNBs, following issues need to be considered.
The first aspect needs to be considered is the measurement complexity and overhead. When the number of aggressor UEs is large, the victim UE needs to measure the RSRP on each SRS resource of the aggressor UEs. Since the SRS is usually configured on different time/frequency location to ensure the orthogonality among different UEs, the measurement overhead is very significant. In addition, if the SRS of different UEs are configured to be orthogonal in code domain, to calculate the RSRP, the UE needs to know the SRS sequence of intefering UEs and decode the sequence for each interfering UEs which increase the measurement complexity significantly. Although RSRP without UE identification may not have issues on complexity and overhead, performance gain comprared to RSSI would be marginal.
Another aspect needs to be condered is the measurement accuracy due to the limited UE capability, e.g., due to the half-duplex constraint and/or limited capacity on simultaneous transmission. In this case, SRS may be dropped. If UE is configured with measurement on these dropped SRS resource, the mesurement accuracy will be impacted. One efficient way to solve this problem is to define two sets of SRS configuration. One SRS configuration is protected from other UL transmission and DL reception and it is used at least for cross-link interference measurement. Considering the impact to other UL transmission and DL reception, transmission periodicity would be long or its transmission is aperiodic. Another SRS configuration is dedicated for sounding. 
Therefore, for RSRP measurement, the measurement complexity and overhead needs further study. Meanwhile, the measurement accuracy due to SRS drop also needs to be considered. In addition, considering that the UE-to-UE interference is not always very large, RSRP measurement for UE-to-UE interference mitigation may be not very efficient. Therefore, we propose: 

Proposal 7:
· Prioritize the discussion on RSSI for UE-to-UE measurement.

Performance evaluation 
In this part, some system evaluation results regarding to UL power boosting are given for indoor hotspot scenario deployed at 30GHz carrie frequency. The evaluation assumptions in TR38.302 are adopted  as given in Appendix. 
To observe the performance gain achieved by UL power boosting, the semi-static configuration with fixed slots and flexible slots are assumed in our evaluation, where slot #0, 1, 2 and 5, 6, 7 are fixed slot and slot #3, 4 and 8, 9 are flexible slots as shown in Fig.1. In this case, cross-link interference will only occur in flexible slots, therefore, additional UL power boosting offset is applied in these slots to mitigate strong TRP-to-TRP interference. Although TRP-TRP interference (DL transmission in agressor TRP(s)) may not always happen, we applied the UL power boosting in every uplink transmission in the flexible slots for simplicity. In other words, simulated UL power boosting mechanism does not requrire tight network coordination. While in fixed slots, traditional power control without power boosting is applied. In addition, the power boosting offset of 1dB, 3dB, 6dB and 9dB are assumed.

[image: ]

Fig.3 UL/DL configurations in the evaluation

In Fig.2, the UL SINR performance in flexible slots with different power boosting offset is given. From this figure, it can be seen that with the increase of power boosting ofset, the performance of UL SINR in flexible slots become better. This is because for UL, in flexible slots, the TRP will suffer serious TRP-to-TRP interference, and the performance loss due to TRP-to-TRP interference is reduced when UL power boosting is applied.
[image: C:\Users\guosz\AppData\Local\Temp\Rar$DRa0.532\20160616PlotV2\figures\UL_SINR_in_flexible_slot.png]
Fig.4 UL SINR performance in flexible slots with different power boosting offset
In Fig.3, the UL SINR performance in fixed slots and flexible slots without UL power boosting and with UL power boosting offset 9dB is given. From this figure, it can be seen that, without UL power boosting, the UL SINR performance in flexible slots is worse than that of fixed slots. This is due to the impact of cross-link interference in flexible slots. With UL power boosting, the UL SINR performance of flexible slots becomes better than that of fixed slots. Therefore, after using UL power boosting, the TRP-to-TRP interference is suppressed 
[image: C:\Users\guosz\AppData\Local\Temp\Rar$DRa0.468\20160616PlotV2\figures\UL_SINR_in_flexible_and_fixed_slot.png]
Fig.5 UL SINR performance in fixed slots and flexible slots without UL power boosting and with UL power boosting offset 9dB
In table 1, the DL and UL UPT perfromance  with different UL power boosting offset is given. For comparasion, the UPT performance w/o power boosting is used as a baseline. From this table, it can be seen that for DL, the average UPT with UL power boosting may degrade slightly compared with that of without UL power boosting. This is because the increase of UL transmission power lead to larger UE-to-UE interference to neighboring DL UE. For UL, the average UPT with UL power boosting is better compared with that of without UL power boosting. And with the increase of UL power boosting offset, this performance gain is also larger. 
Table 1. DL and UL UPT performance for different UL power boosting offset
	Scenario [Indoor]

	Ratio of DL/UL traffic
	Feature
	DL UPT (Mbps)
	UL UPT (Mbps)

	
	
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/offered packets
	RU (%)
	5%-tile
	50%-tile
	95%-tile
	Average
	Served/offered packets
	RU (%)

	4:1
	W/o power boosting

	39.7
	125
	282
	139
	0.994
	0.287
	36.6
	86.9
	157
	91.9
	0.995
	0.292

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	offset = 1 dB
	43.0
	127
	305
	143
	0.986
	0.282
	44.6
	94.3
	158
	98.4
	0.992
	0.264

	
	
	8.32%
	1.89%
	8.18%
	3.18%
	
	
	21.9%
	8.43%
	0.47%
	7.00%
	
	

	
	offset = 3 dB
	37.2
	122
	294
	138
	0.992
	0.292
	40.6
	99.3
	165
	102
	0.988
	0.251

	
	
	-6.21%
	-2.18%
	4.39%
	-0.72%
	
	
	11.1%
	14.2%
	5.41%
	10.7%
	
	

	
	offset = 6 dB
	35.1 
	119 
	294 
	136 
	0.991
	0.297
	38.3 
	102 
	163 
	102 
	0.996
	0.239

	
	
	-11.6%
	-4.27%
	4.39%
	-1.73%
	
	
	4.91%
	17.3%
	3.88%
	11.0%
	
	

	
	offset = 9 dB
	34.0
	116
	292
	134
	0.989
	0.296
	42.5
	107
	180
	109
	0.991
	0.245

	
	
	-14.4%
	-7.25%
	3.48%
	-3.79%
	
	
	16.2%
	22.5%
	15.1%
	18.2%
	
	

	Note (interference mitigation/cancellation schemes, evaluation assumption, etc):

	   Interference mitigation schemes
· At the transmitter, fixed analog beamforming and SVD precoding is applied.
· At the gNB side, MMSE-IRC receiver with Wishart model is applied.
· At the UE side, MMSE-IRC receiver with Wishart mode is applied.
   Ideal channel estimation
   FTP model 1 with 0.5Mbytes




Observation 2:
· UL power boosting can provide additional UL performance gain with slightly performance loss in DL.

Summary
In this contribution, we presented our views on cross link interference management and some evaluation results are also preented for duplexing flexibility. From the discussion, the following observations and proposals are made.
Observation 1: 
· In indoor hotspot scenario, flexible duplex with only advanced receiver has enough gain compared with static TDD at least in low and medium load.
Observation 2:
· UL power boosting can provide additional UL performance gain with slightly performance loss in DL.

Proposal 1:
· Considering significant performance gain and limited specification impact, at least advanced receiver should be supported for NR duplex.
· At least DMRS configuration information is provided among gNBs via backhaul signalling to enable EMMSE-IRC.
Proposal 2: 
· Hybrid dynamic/static UL/DL resource assignment should be assumed at least for the case when the traffic load is high.
Proposal 3: 
· Dynamic UL power control based on PDCCH is additionally supported for gNB-to-gNB interference mitigation.
· For open-loop power control, parameter set (e.g., alpha and P0 for fractional TPC) is dynamically switched by PDCCH.
· FFS: Detailed mechanism of closed loop power control.
· FFS: Group-common PDCCH and/or UE-specific DCI.
Proposal 4: 
· Other enhancement, like sensing, TA can be considered in later phase.
Proposal 5: 
· TRP-to-TRP measurement can be left to NW implementation.
Proposal 6: 
· [bookmark: _GoBack]For RSSI-based UE-to-UE measurement, 
· At least the measurement resource configuration reusing existing ZP CSI-RS should be supported.
· Multiple interference measurement processes can be considered to improve the measurement accuracy.
Proposal 7:
· Prioritize the discussion on RSSI for UE-to-UE measurement.
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Appendix
Table 2. Simulation assumptions for indoor hotspot scenario
	Parameters
	Indoor hotspot

	Layout
	Single layer
Indoor floor: (12BSs per 120m x 50m)
Candidate TRP numbers:12

	Inter-BS distance 
	20m

	Carrier frequency 
	30GHz 

	Aggregated system 
bandwidth
	30GHz: 80MHz

	Simulation bandwidth
	20MHz per CC below 6GHz and 80 MHz per CC above 6GHz 
Note: UE TX power scaling will impact final results

	Channel model
	5GCM office 

	BS Tx power 
	23 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 23dBm
EIRP should not exceed 58 dBm(*)

	UE Tx power 
	23dBm
EIRP should not exceed 43 dBm (*)

	BS antenna configurations
	 (M,N,P,Mg,Ng) = (8,16,2,1,1)

	BS antenna height 
	3m

	BS antenna element gain + connector loss
	See Table 2.

	BS receiver noise figure
	7dB

	UE antenna configuration
	2Tx, 2Rx

	UE antenna height
	Follow TR36.873 

	UE antenna element gain pattern
	Omnidirectional

	UE antenna gain
	Follow the modelling of TR36.873

	UE receiver noise figure
	13dB 

	Traffic model
	FTP model 1 with packet size 0.5Mbytes. 

	Traffic load (Resource utilization)
	For baseline scheme: 25, 50 and 80% 
Ratio of DL/UL traffic =4:1

	UE distribution
	100% Indoor, 3km/h,
10 users per BS for full buffer traffic

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Ideal

	Channel estimation
	Ideal



Table 3. BS antenna element gain pattern
	Parameter
	Values

	Single sector
	Antenna element vertical radiation pattern (dB)
	


	
	Antenna element horizontal radiation pattern (dB)
	


	
	Combining method for 3D antenna element pattern (dB)
	


	
	Maximum directional gain of an antenna element GE,max
	5dBi
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