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Introduction
[bookmark: _Ref129681832]In RAN1 #89 meeting, the following agreements [1] were achieved on duplexing:
	Agreements:
· 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 the details on TRP-TRP measurement design, including measurement RS configuration, long-term or short-term measurement and the specification impact. Beam coordination mechanisms based on TRP-TRP measurement are also discussed. In addition, system level evaluations are provided to show the necessity of TRP-TRP measurement and beam coordination.
[bookmark: OLE_LINK45]Discussion 
In NR dense network scenario, TRPs may be very close, and have high probability of LOS to each other with high antenna array altitude. So TRP-TRP interference may be strong, which leads to severe performance degradation. To tackle this issue, one promising method is beam coordination, which can greatly improve the system performance [2] [3]. The beam coordination scheme should be operated based on some long-term or short-term cross-link interference information. For TRP-TRP measurement and beam coordination, there are some critical design aspects to be considered, which will be discussed in subsequent sections.
RS for TRP-TRP measurement
[bookmark: OLE_LINK1]Since the CSI framework with resource setting, reporting setting and CSI measurement setting have been agreed to be used for beam management and CSI acquisition, CSI-RS can be naturally used for TRP-TRP beam measurement in duplexing flexibility.
Following two options can be applied for a TRP-TRP measurement. 
· Opt. 1. TRP-TRP measurement can be done in the reserved/unknown resources. This option does not require additional RAN1 specification impact. 
· [bookmark: OLE_LINK5]Opt. 2. Rx TRP can schedule UL transmission in the slot where it detects Tx TRP for TRP-TRP measurement. In order to avoid interference from UE’s UL transmission to Tx TRP’s CSI-RS, the UE’s UL transmission should puncture or rate match around the CSI-RS.
Obviously, option 1 has a larger overhead than option 2.
Proposal 1: TRP-TRP interference measurement can be conducted based on CSI-RS.
Long-term or short-term TRP-TRP measurement
In terms of different measurement objects for TRP-to-TRP measurement, it can be divided into two categories as follows:
· [bookmark: OLE_LINK3]Category 1: Long-term TRP-to-TRP measurement. This category focuses on the measurement suitable for averaging, such as path-loss and etc. In this case, more accurate measurement can be conducted thanks to time-domain filtering.
· Category 2: Short-term TRP-to-TRP measurement. This category focuses on the measurement not suitable for averaging, such as CSI and interference power to which time-domain filtering can’t apply. In this case, although the measurement accuracy may be impacted somehow, it can reflect more timely interference condition.
The evaluations of beam coordination in [2] [3] were based on both long-term and short-term TRP-TRP measurement. The long-term measurement was used for dynamic analog beamforming, and short-term measurement was used for dynamic digital beamforming. In Table 1, the evaluation results of beam coordination in [3] are provided. It can be observed that beam coordination can greatly improve the system performance. Besides, simulation result with both long-term and short-term measurement is much better than that with only long-term measurement. 
Table 1 Performance of beam coordination on 30GHz in dense urban 
	Ratio of DL/UL traffic
	Feature
	DL/UL subframe ratio
	DL RU (%)
	DL Average UPT (Mbps)
	5%-tile
DL UPT
(Mbps)
	UL RU (%)
	UL Average UPT (Mbps)
	5%-tile
UL UPT
(Mbps)

	1:1
	Baseline
	6:4
	9.87
	199.02
	53.87
	22.78
	66.59
	6.17

	
	Duplexing flexibility -
semi-static beam
	Dynamic change
	
	257.46
(+29.36%)
	56.34
(+4.58%)
	
	195.31
(+193.29%)
	21.48
(+248.19%)

	
	Duplexing flexibility -
Dynamic beam
	Dynamic change
	
	282.22
(+41.81%)
	94.67
(+75.74%)
	
	236.65
(+255.36%)
	33.68
(+446.10%)

	2:1
	Baseline
	6:4
	13.3
	199.03
	60.38
	18.31
	68.05
	6.87

	
	Duplexing flexibility -
semi-static beam
	Dynamic change
	
	273.00
(+37.16%)
	64.78
(+7.29%)
	
	191.06
(+180.76%)
	13.81
(+100.95%)

	
	Duplexing flexibility -
Dynamic beam
	Dynamic change
	
	282.66
(+42.02%)
	75.83
(+25.59%)
	
	215.11
(+216.09%)
	25.32
(+268.51%)

	4:1
	Baseline
	4:1
	10.73
	263.76
	72.40
	15.99
	39.36
	4.77

	
	Duplexing flexibility -
semi-static beam
	Dynamic change
	
	278.46
(+5.57%)
	75.12
(+3.76%)
	
	205.71
(+422.65%)
	17.62
(+269.71%)

	
	Duplexing flexibility -
Dynamic beam
	Dynamic change
	
	293.33
(+11.21%)
	86.02
(+18.82%)
	
	243.29
(+518.13%)
	33.97
(+612.73%)



[bookmark: OLE_LINK9]For both long-term and short-term TRP-to-TRP measurement, it is beneficial to reduce the interference on the Tx TRP’s CSI-RS. At the same time, in order to improve the spectral utilization for the Rx TRP, it is desirable that Option 2 in section 2.1 is supported. For Option 2, a UE needs to be aware of whether its PUSCH transmission should be rate matched around a configured CSI-RS resource, which can be achieved as it has been agreed that a UE is configured with resources for PUSCH rate matching in last NR Ad Hoc meeting. Thus, from the perspective of specification, Option 2 is supported.
Proposal 2: NR supports Option 2 that Rx TRP can schedule UL transmission during TRP-TRP measurement.
Information exchange for TRP-TRP measurement
For TRP-TRP measurement, TRPs can either exchange the measurement RS configuration when required by interference measurement request, or proactively send the measurement RS configuration to each other. 
The TRP1 can exchange a specific CSI-RS configuration with measurement resources and corresponding Tx beams to its neighbor TRP2. Then TRP1 transmits CSI-RS at the announced time/frequency resource and TRP2 detects the measurement signal using specific Rx beams. In this way, TRP2 can obtain the interference matrix for the Tx-Rx beam pairs and feedback the measurement results to TRP1. Thus, both TRP1 and TRP2 get the interference matrix and know which Tx-Rx beam pair will cause severe cross-link interference.
Based on the above analysis, the measurement resource, Tx/Rx beams and measurement results need to be exchanged among TRPs. 
Beam coordination based on TRP-TRP measurement
For beam coordination, several mechanisms can be considered. For example, before UL data transmission, the victim TRP can send a coordination request message to potential aggressor TRPs. The request message indicates the time/frequency resource and Rx beam setting which will be used for the UL data reception. Upon receiving the request message, the aggressor TRPs can select their DL Tx beams to minimize the interference to the victim TRP.  As another example, the aggressor TRP can broadcast an announcement indicating the will-be-used Tx beam setting along with the associated time/frequency resource before its DL transmission, and then the potential victim TRP can adjust its Rx beam setting to avoid severe cross-link interference. 
The aggressor/victim TRPs adjust their Tx/Rx beams based on the interference information of Tx-Rx beam pairs, which is obtained by TRP-TRP measurement. 
[bookmark: OLE_LINK4]For these beam coordination mechanisms, some assistant information, e.g. will-be-used Tx/Rx beams of aggressor/victim TRPs, or to-be-blanked Tx/Rx beams of aggressor/victim TRPs and associated time/frequency resources, need to be exchanged among TRPs. As discussed above, if tight coupling is achieved among TRPs, these information can be easily shared. Otherwise, the X2-like interface or over-the-air signaling can be used to exchange the information.
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, details on TRP-TRP measurement design and beam coordination procedure are discussed. 
Based on above discussions, we have the following proposals:
Proposal 1: TRP-TRP interference measurement can be conducted based on CSI-RS.
Proposal 2: NR supports Option 2 that Rx TRP can schedule UL transmission during TRP-TRP measurement.
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Appendix
Simulation assumptions:
	Parameters
	Dense Urban

	Layout
	Two layers
 - Macro layer: Hex. Grid
 - Micro layer: Random drop (All micro TRPs are all outdoor)
 - 3 micro TRPs per macro TRP
[image: ]

	Inter-BS distance
	Macro-to-macro: 200m
Macro-to-micro: 105m [TR36.897]
Micro-to-micro: 57.9m

	Minimum BS-UE (2D) distance 
	Macro-to-UE: 35m [TR36.897]
Micro-to-UE: 10m [TR36.897]

	Minimum UE-UE (2D) distance 
	3m

	Carrier frequency 
	4GHz, 30GHz

	Aggregated system 
bandwidth 
	4GHz: Up to 200MHz (DL+UL)
30GHz: Up to 1GHz (DL+UL)

	Simulation bandwidth 
	4GHz: One carrier with 20MHz (TDD)
30GHz: One carrier with 80MHz (TDD)

	Channel model 
	Below 6GHz:
 Macro-to-UE: 3D UMa 
 Micro-to-UE: 3D UMi 
 Macro-to-Macro: 3D UMa (h_UE=25m)
 Macro-to-Micro: 3D UMa (h_UE=10m) 
 Micro-to-Micro: 3D UMi (h_UE=10m) 
 UE-to-UE: A.2.1.2 in TR36.843
Above 6GHz:
 Macro-to-UE: 5GCM UMa 
 Micro-to-UE: 5GCM UMi 
 Macro-to-Macro: 5GCM UMa (h_UE=25m) 
 Macro-to-Micro: 5GCM UMa (h_UE=10m)
 Micro-to-Micro: 5GCM UMi (h_UE=10m) 
 UE-to-UE: 5GCM UMi (h_BS=1.5m ~ 22.5m)

	Penetration loss
	Follow [4]

	Fast fading channel model
	Below 6GHz:
Macro-to-UE: 3D UMa
Micro-to-UE: 3D Umi
Macro to Macro: 3D UMa O-to-O (h_UE=25m); ASA and ZSA statistics* updated to be the same as ASD and ZSD; ZoD offset = 0
Macro to Micro: 3D Uma O-to-O
Micro to Micro: 3D Umi O-to-O (h_UE=10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
UE to UE: InH for indoor to indoor, and 3D Umi for other cases. ASD and ZSD statistics updated to be the same as ASA and ZSA. Dual mobility support.
Above 6GHz:
Macro-to-UE: 5GCM Uma
Micro-to-UE: UMi-Street canyon
Macro to macro: 5GCM UMa O-to-O (h_UE=25m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
Macro to micro: 5GCM UMa O-to-O
Micro to Micro: UMi-Street canyon O-to-O (h_UE=10m); ASA and ZSA statistics updated to be the same as ASD and ZSD; ZoD offset = 0
UE to UE: UMi-Street canyon; ASD and ZSD statistics updated to be the same as ASA and ZSA. Dual mobility support.

	BS Tx power 
	Micro layer:
   4 GHz:  33dBm for 20MHz system bandwidth
   Above 6GHz: 33 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 33 dBm. 

Macro layer:
  Below 6GHz: 44 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm

	UE Tx power 
	Maximum 23 dBm 

	BS antenna configuration 
	Below 6GHz: 
 Baseline:
 (M,N,P,Mg,Ng)=(8,8,2,1,1)
 (dH,dV)=(0.5,0.8)λ 
Above 6GHz: 
 Baseline:
(M,N,P,Mg,Ng)=(8,4,2,2,2) 
(dH,dV,dH,g,dV,g)=(0.5,0.5,4.0,2.0)λ 

	BS antenna configuration
	


	BS antenna height 
	Macro: 25m
Micro: 10m

	BS antenna element gain + connector loss
	8 dBi

	BS antenna tilt
	Macro:108deg
Micro:105deg

	BS receiver noise figure 
	Below 6GHz: 5 dB
Above 6GHz: 7 dB

	UE antenna configuration 
	


	UE antenna elements
	For 4GHz: 2Tx and 2Rx
For around 30GHz: 
(M, N, P, Mg, Ng)=(2,4,2,1,2), the polarization angles are 0 and 90deg
(dH, dV) = (0.5, 0.5)λInter-panel distance: 6.0λ

	UE antenna
	

 
  for outdoor UEs: 1




 for indoor UEs: ~uniform(1, ) where ~uniform(4,8)

	UE antenna gain
	For below 6GHz: Follow the modeling of TR36.873
For 30GHz: 5dBi

	UE receiver noise figure
	Below 6GHz: 9 dB
Above 6GHz: 13 dB 

	Traffic model
	FTP traffic model 3 with packet size 0.5Mbytes 
Ratio of DL/UL traffic = {1:1}-the DL User arrival rate λ is 0.1
{2:1}-the DL User arrival rate λ is 0.2
{4:1}-the DL User arrival rate λ is 0.2

	UE distribution
	For FTP traffic model 3: 2/3 users randomly and uniformly dropped within the clusters, 1/3 users randomly and uniformly dropped throughout the macro geographical area, and 60 users per macro geographical area
80% indoor (3km/h) and 20% outdoor (30km/h)

	UE receiver
	MMSE-IRC 

	BS receiver 
	MMSE-IRC 

	UE association
	UE connected to Macro or Micro layer, based on RSRP measurement

	Transmission mode
	SU-MIMO 

	Delay for dynamic beam coordination 
	4ms

	Delay for semi-static beam coordination 
	20ms
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