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1 Introduction
For NR duplexing flexibility, the following conclusions are achieved in the RAN1#88bis meeting [1]:
	 Agreements:

· For cross link interference mitigation, 

· Further consider UE-UE measurement and reporting, and TRP-TRP measurement

· Details FFS, including at least the RS for measurement, the metric for measurement (e.g., RSRP), long-term vs. short-term, etc., especially considering consistency with other NR topics

· Aim in RAN1#89 to come up with detailed option(s) including potential down-selecting from the list concluded from the SI

· Once the detailed option(s) is available, decide whether or to support this feature 

· For the case of TRP-TRP measurement, study whether or not there is additional RAN1 specification impact

· Further consider other aspects, e.g., power control, sensing, timing related handling, etc.



For duplexing flexibility, power control has been discussed several times in RAN1 meetings as one promising mechanism for cross-link interference mitigation in duplexing flexibility. It needs to be further considered for detailing designs of power control aiming to address cross-link interference. This contribution mainly discusses the potential schemes of UL power control along with some simulation results. 
2 Discussion
In eIMTA, based on the predefined DL/UL configurations, two different slot sets, i.e., fixed slot set and flexible slot set, are defined to potentially distinguish different types of inter-cell interference, and different parameter sets are configured for these two slot sets respectively for UL power control [2]. And it has been agreed that NR should support dynamically assigned transmission directions at least for data on a per-slot basis [3]. However, the per-slot DL/UL resources allocation would result in more variable conditions of cross-link interference, which makes the slot-set-based configuration in UL power control more challenging. To tackle this issue, some power control schemes that take the cross-link interference into account to determine the UL transmission power based on the long-term/short-term measurement of cross-link interference are discussed in our contribution. The discussions of long-term/short-term measurement between TRP-TRP/UE-UE for cross-link interference mitigation can be found in our companion contributions [4]

 REF _Ref480903572 \r \h 
[5]. 
Regarding the UL power control, fractional power control in LTE has been agreed to be as a starting point for further study in NR [3]. Note that, with duplexing flexibility, both TRP-TRP and UE-UE interference are inevitable to occur. The characteristic of cross-link interference of duplexing flexibility have to be taken into account to design mechanisms of UL power control. The aim of the UL power control when considering cross-link interference from neighboring cells is to guarantee sufficient ratio of desired signal over interference from neighboring cells. As one promising mechanism for cross-link interference mitigation, UL power control scheme was proposed to mitigate the UE-UE interference [6]. Moreover, the UL power control taking the TRP-TRP interference into account to combat the TRP-TRP interference to maintain the UL SINR is also helpful, especially for the cell center UEs in urban macro and dense urban scenarios. By adjusting the UL transmission power of the UE served by the victim TRP, the received UL SINR at the victim TRP can be maintained. 
Generally, in the urban macro and dense urban macro scenarios, the cross-link interference of TRP-TRP is the dominant cross-link interference which is much larger than that of UE-UE; while in the indoor hotspot scenarios, the cross-link interference of UE-UE will become more cumbersome. Schemes of UL power control for different scenarios are discussed in our contribution.  
2.1 Combat the cross-link interference of TRP-TRP

To combat the cross-link interference of TRP-TRP, the characteristics of interference generated by the aggressor TRP to the victim TRP need to be exploited to determine the UL transmission power of the UE which is served by the victim TRP. By increasing the UL transmission power of some UEs served by the victim TRP, the uplink received SINR at victim TRP can be maintained even if there exists TRP-TRP interference. With one appropriate incremental value of UL transmission, the SINR of desired UL signals received at victim TRP can be kept on an acceptable level.  
Specifically, the general formula of UE transmission power in LTE is


[image: image1.wmf]þ

ý

ü

î

í

ì

+

D

+

×

+

+

=

)

(

)

(

)

(

)

(

))

(

(

log

10

),

(

min

)

(

TF

O

10

CMAX

i

f

i

PL

j

j

P

i

M

i

P

i

P

a

 [dBm],
in which the UE maximum power, bandwidth allocation factor, open-loop power control, MCS factor, and closed-loop offset are all captured. This has been agreed to be as the framework of NR UL open-loop and closed-loop PC. Nevertheless, some enhancements may need to be introduced to capture the cross-link interference characteristics. Taking the cross-link interference power of TRP-TRP into account in the UE transmission power equation would enable the victim TRP to combat the TRP-TRP interference and avoid sharp drop on SINR of the received UL signals at victim TRP. For this purpose, one power adjustment parameter 
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 capturing the characteristic of cross-link interference can be added into the transmission power formula. And the specific value of 
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can be determined by the results of short-term measurement between TRPs [4]. For example, 
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can be computed as
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is related to the interference power, including both cross-link interference 
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and the traditional inter-cell interference 
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. Compared with the UL transmission without cross-link interference, UL transmission power is adjusted with one specific incremental value of 
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 to maintain the SINR of the received signals at the victim TRP. The parameters 
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 captures the characteristic of cross-link interference in slot/subframe 
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 and independent in different slots/subframes, so it is not appropriate to be merged into the TPC command, which is used to calculate the 
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 in the accumulative  mode. Moreover, value of 
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 may vary within one lagrer range compared with TPC and only accumulative mode is supported for PUCCH in eIMTA.  
When considering the results of short-term measurement between TRPs which may fluctuate rapidly with per-slot DL/UL resources allocation, 
[image: image15.wmf]b

 is appropriate to be indicated separately as one close-loop adjustment via dynamic signaling. Besides, the conditions of interference are affected by TX/RX beams between TRPs, which may not be switched rapidly. In such case, the candidates of 
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 can be configured by RRC signaling and which one to be used by UE is indicated by L1 signaling dynamically.   
Then the power control equation could be 
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Simulation results of dense urban scenario with short-term measurement based UL power control are shown in Table 1 with
[image: image18.wmf]{34.879.510.513}

b

Î

，

，

，

，

，

. It is observed from the evaluation results that the power control with parameter 
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can bring considerable performance gains in duplexing flexibility. 
Table 1 Performance of UL power control combatting TRP-TRP interference in dense urban scenario

	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
	Power control without 
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	Dynamic change
	10.31
	42.34
	21.28
	12.17
	34.05
	9.43

	
	Power control with 
[image: image21.wmf]b

 
	Dynamic change
	10.22
	43.85(+3.57%)
	23.39(+9.92%)
	9.96
	39.12(+14.89%)
	11.33(+20.15%)


When considering the results of long-term measurement between TRPs, the statistical characteristics of TRP-TRP cross-link interference can be captured. If the above power adjustment parameter 
[image: image22.wmf]b

is also applied, it can be indicated explicitly as one separate parameter by RRC signaling or can even be merged to the existing open-loop parameters. Alternatively, multiple sets of power control parameters including both open-loop and closed-loop parameters can be considered, wherein one specific set of values for each involved parameter could be configured semi-statically by TRP.
2.2 Mitigate the cross-link interference of UE-UE

To mitigate the cross-link interference of UE-UE, the interference level from the aggressor UE to the victim UE needs to be exploited to determine the UL transmission power of the aggressor UE. Taking the cross-link interference power of UE-UE into account in the UE transmission power equation would enable the aggressor UE to decrease the cross-link interference to the victim UE. Centralized and distributed interference-aware power control mechanisms are discussed as follows. 
· Centralized UL power control:
To take advantage of the characteristics of cross-link interference, the results of UE-UE cross-link interference measurement need to be reported to TRP which can be used as one input to control the UL transmission of the aggressor UE. The power adjustment parameter 
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 can be used to represent the influences of cross-link interference between the aggressor UE and the victim UE. And the specific value of 
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 is determined by the results of UE-UE measurement [5]. Then the power control equation could be as follows:
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Based on the reports of UE-UE cross-link interference measurement and potential scheduling information of neiborghing cells, the gNB serving the aggressor UE can decide the UL power adjustment value 
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 for the UL transmission power of the aggressor UE. 
According to the adjustment parameter, UE can adjust the UL transmission power to decrease the cross-link interference generated to the victim UE. The adjustment value can be related to the maximum acceptable interference of the victim UE and the pathloss from the aggressor UE to the victim UE. For example, the adjustment value 
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 has to meet the requirements as follows: 
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, where 
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is the power value without considering the cross-link interference and 
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is the power attenuation during the transmission, e.g., the pathloss between the aggressor UE and the victim UE, 
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 is the maximum acceptable interference of the victim UE, and 
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P

is the required minimum guaranteed transmission power for the current UL scheduling. If the requirements above cannot be met together, UE will be indicated by TRP to abandon the UL transmission. 
Given that the topology of UE-UE with cross-link interference does not change rapidly in certain scenarios (e.g. indoor hotspot), it facilitates to configure one set of candidates of 
[image: image34.wmf]b

 by TRP semi-statically based on the measurement in this topology. And the specific value of 
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 is associated with the current scheduling. Thus which value in the candidates to be adopted for 
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can be determined by the corresponding L1 signaling dynamically. 

Then the power control equation could be 
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Some simulation results of indoor hotspot scenario with long-term measurement based UL power control are provided in Table 2, where
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. It can be observed from the evaluation results that the power control methods discussed above can bring considerable performance gains in duplexing flexibility even with non-ideal UE-UE measurement.
Table 2 Performance of UL power control in indoor hotspot scenario on 4GHz carrier

	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
	Power control without 
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	Dynamic change
	27.04
	66.75
	13.99
	19.86
	56.42
	7.6

	
	Power control with 
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 with ideal UE-UE measurement
	Dynamic change
	23.99
	70.78
(+6.04%)
	18.47
(+32.02%)
	17.56
	62.52
(+10.81%)
	10.18
(+33.95%)

	
	Power control with 
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 with non-ideal UE-UE measurement
	Dynamic change
	23.96
	69.04

(+3.43%)
	17.6

(+25.80%)
	20.45
	60.38

(+7.02%)
	9.52

(+25.26%)


· Distributed UL power control

For distributed UL power control, the aggressor UE can automatically determine its UL transmission power without configuration/indication signaling from TRP compared with the centralized UL power control. 
Proposal: UL power control design needs to take cross-link interference into account for NR duplexing feasibility,

· Introduce one power adjustment parameter indicated by L1 signaling
3 Conclusions
In this contribution, discussions are focusing on the potential mechanisms of UL power control for duplexing flexibility. And some proposals are given as follows:
Proposal: UL power control design needs to take cross-link interference into account for NR duplexing feasibility,

· Introduce one power adjustment parameter indicated by L1 signaling
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Appendix
Simulation assumption:
	Parameters
	Indoor hotspot
	Dense Urban

	Layout
	Single layer

Indoor floor: (120m x 50m)

Candidate TRP numbers: 3
	 Macro layer: Hex. Grid


	Inter-BS distance
	40m
	200m

	Minimum BS-UE (2D) distance 
	0m
	35m 

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

	Carrier frequency 
	4GHz 
	4GHz

	Simulation bandwidth 
	20MHz per CC for 4GHz
	20MHz per CC for 4GHz


	Channel model 
	Follow [2]
	Follow [2]

	Penetration loss
	Follow [2]
	Follow [2]

	BS Tx power 
	24 dBm PA scaled with simulation BW when system BW is higher than simulation BW. Otherwise, 24 dBm


	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 
	Maximum 23 dBm 

	BS antenna configuration 
	 (M,N,P,Mg,Ng)=(4,4,2,1,1)   (dH,dV)=(0.5,0.5)λ
	(M,N,P,Mg,Ng)=(8,8,2,1,1)
 (dH,dV)=(0.5,0.8)λ

	BS antenna configuration
	Ceiling-mount, Follow [2] 
	Follow [2]

	BS antenna height 
	3m
	25m

	BS antenna element gain + connector loss
	5dBi
	8 dBi

	BS antenna tilt
	90deg


	105deg



	BS receiver noise figure 
	5 dB
	5 dB

	UE antenna elements
	2Tx and 2Rx
	2Tx and 2Rx

	UE antenna configuration
	Follow [2]
	Follow [2]

	UE antenna height
	1.5m
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  for outdoor UEs: 1
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 for indoor UEs: 
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~uniform(1, 
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~uniform(4,8)

	UE antenna gain
	Follow the modeling of TR36.873


	Follow the modeling of TR36.873


	UE receiver noise figure
	9 dB


	9 dB



	Traffic model
	FTP traffic model 3 with packet size 0.5Mbytes 
	FTP traffic model 3 with packet size 0.5Mbytes 

	UE distribution
	For FTP traffic model 3: 10 users per TRP 

100% indoor (3km/h)
	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 
	MMSE-IRC 

	BS receiver 
	MMSE-IRC 
	MMSE-IRC 

	UE association
	based on RSRP measurement
	based on RSRP measurement

	Transmission mode
	SU-MIMO
	SU-MIMO 

	UE-UE Measurement error model
	Random measurement error that uniformly distributed between -4.5dB and 4.5dB 
	


_1555339181.unknown

_1555484535.unknown

_1558527348.unknown

_1558527367.unknown

_1558783313.unknown

_1555484536.unknown

_1555341044.unknown

_1555482273.unknown

_1555482529.unknown

_1555339183.unknown

_1555339184.unknown

_1555339182.unknown

_1554906018.unknown

_1555339178.unknown

_1555339179.unknown

_1554906019.unknown

_1554204287.unknown

_1554570184.unknown

_1554643925.unknown

_1554905707.unknown

_1554570274.unknown

_1554570059.unknown

_1488822654.unknown

