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In the R2#7 meeting, RAN WG2 discussed a method for Adjacent Channel Protection. It was pointed out that adjacent channel interference may have a severe impact on the UL connections of the base station of another UMTS network that operates on a neighbouring frequency. This may be a problem especially if the UE is very close to the other networks base station. 

However, opinions differed on this issue, and it was also mentioned that the adjacent channel interference in the DL (seen from the UE) is normally larger than the UL interference caused by the UE. It was said that this would trigger a handover of the UE to another pair of frequencies, before it severly impacts the other networks UL connections.

RAN WG2 would like to know if UL interference caused by a UE to another UMTS network can be a problem in certain situations. We are particularly interested in the case where a UE is in the vicinity of another UMTS network's antenna. We are seeking guidance from WG4 on whether methods for adjacent channel protection should be investigated by RAN WG2.

For information, the TDoc discussed in RAN WG2 is attached.
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1. Introduction

In TSG-RAN WG1, adjacent chanel protection rule (ACP rule) has been discussed. This method was introduced in the ARIB specification to avoid strong adjacent channel interference between different networks. The measurement part of ACP rule was introduced to 3GPP 25.231, and other part is considered as WG2 issue. In order to utilize this method, we propose to discuss this issue in WG2. This contribution explains the concept of ACP rule, and proposes a specific function and relevant RRC protocol messages.


2. Adjacent channel protection rule


(1) Background

ACP rule is a kind of etiquette rule to avoid strong adjacent channel interference in uplink between systems of different operators. Since adjacent channel protection ratio of uplink is smaller than that of downlink, adjacent channel interference in uplink becomes a problem sooner than on the downlink. The probability that one particular UE causes strong adjacent channel interference is small because it is caused by a UE located in the vicinity of antenna of a different system.


However, considering the number of UEs in a cell, the probability that some of them are close to the antenna of the other system may be quite high. In addition, once an antenna of another operators system receives strong adjacent channel interference from a UE, the strong interference may last for a long time. The other system cannot control transmit power of the UE. This means that the quality of all uplink channels in a cell may be affected at the same time, causing instability for a significant time duration due to uncontrollable interference.


The requirement for adjacent channel protection is that the capacity loss remains below a tolerable value. It is reasonable to determine the requirements based on the average capacity loss. However, in the estimation of the capacity loss, minimum coupling loss is assumed, and time duration of strong adjacent channel interference is not taken into account. This means that stable operation is not guaranteed only with the minimum requirement.


(2) Principle

For the explanation of ACP rule, we consider the system deployment shown in Fig. 1 and the frequency allocation shown in Fig. 2. When System A-MS sets up a connection with System A-BS, System A-MS measures Qa [dBm] and Qb [dBm], where Qa is received power of downlink frequency of System A (typically intra-frequency, Fa1 or Fa2), and Qb is received power of downlink frequency of System B-BS (which we call neighboring-frequency, Fb1 or Fb2). System A-MS then reports the measured results of Qa and Qb to System A-BS.


The information of center-frequency of the neighboring-frequency is broadcast on BCCH from System A-BS. Note that System A-MS measures received power in the bandwidth of the neighboring-frequency, and do not need any other information of System B. 


In the ACP rule, System A-BS shall use uplink frequency (fa1) that is not adjacent to neighboring frequency if Qb - Qa is larger than a pre-determined threshold. Otherwise, System A-BS may use any uplink frequency (fa1 or fa2) of System A.
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Fig. 1  System deployment.
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Fig. 2  Frequency allocation of the two systems.


Since the uplink transmission power of System A-MS (Pms [dBm]) is controlled so that the received power at the System A-BS is equal to a target level (Qtrgt [dBm]), the Pms is calculated as follows:


Pms = Qtrgt + ( Pa - Qa )





(1)

where


Pa : Transmission power of System A-BS [dBm]


Adjacent channel interference power at System B-BS (Qintf [dBm]) is calculated as follows:


Qintf = Pms - ( Pb - Qb ) - Racp





(2)


where


Pb : Transmission power of System B-BS [dBm]


Qb : Received power from System B-BS [dBm]


Racp : Adjacent channel interference protection ratio [dB]


From Equations (1) and (2), the following equation is derived:


Qintf = Qtrgt + ( Pa - Pb ) + ( Qb - Qa) - Racp



(3)


If we use Racp for the threshold in the ACP rule, adjacent frequency (fa2) may be used if equation (4) is satisfied.


Qb - Qa < Racp






(4)


From equations (3) and (4), equation (5) is derived, which means that adjacent channel interference power does not exceed a certain level even if adjacent frequency (fa2) is used.


Qintf < Qtrgt + ( P1 - P2 )





(5)


If equation (4) is not satisfied, non-adjacent frequency (fa1) shall be used. Therefore adjacent channel interference power is reduced by the difference of the adjacent and non-adjacent channel interference protection ratios.


(3) Performance


    Adjacent channel interference levels with and without ACP rule is calculated in the system shown in Fig. 3. It is assumed that propagation loss is proportional to 4th or 3rd power low, and adjacent channel interference protection ratio is 40 dB for adjacent frequencies and 50 dB for non-adjacent frequencies. Uplink transmission power of System A-MS is controlled by System A-BS. The transmission power difference between System A-BS and System B-BS is a parameter, and three cases are evaluated.


    Figures 4 - 6 show adjacent channel interference level at System B-BS, where 0 dB is equal to co-channel interference from one MS. Fig. 4 shows that, in the case of 4th power law, adjacent channel interference is reduced by 10 dB with the ACP rule when r < 0.1. Fig. 5 shows that adjacent channel interference may be larger than the co-channel interference from one MS if the transmission power of System B-BS is small. However, the area where adjacent channel interference exceeds 10 dB becomes small with ACP rule. Fig. 6 shows that, in the case of 4th power law, adjacent channel interference is reduced by 10 dB with the ACP rule when r < 0.15, and the area where adjacent frequencies cannot be used is not large even when transmission power of System B-BS is 10 dB larger than that of System A-BS.


    With the ACP rule, the area where adjacent frequencies cannot be used is determined by the distance ratio from System A-MS to System A-BS and System B-BS. This means that the area becomes smaller as the distance between System A-BS and System B-BS is shorter.







Fig. 3  System model







Fig. 4  No difference between transmission power (Pb = Pa).






Fig. 5  Interfered BS with small transmission power (Pb = Pa - 10 [dB]).







Fig. 6  Interfered BS with large transmission power (Pb = Pa + 10 [dB]).


3. Proposal


In order to measure the power received in a different frequency band, a new type of interfrequency measurement needs to be specified. This type of measurement requests the UE to only measure the total power received in a frequency band, without descrambling a particular PCCPCH. It is simpler and can be performed more easily than the existing inter frequency measurement, since synchronization to the other system's PCCPCH is not necessary. The following is proposed:


3.1 Text proposal messages and parameters in 25.331

10.1.6.1 SYSTEM INFORMATION


<Functional description of this message to be included here>


RLC-SAP: t.b.d. 


Logical channel: BCCH or DCCH or CCCH


Direction: UTRAN ( UE



NOTE: The division of the system information into messages is FFS.


Information Element

Presence

Range

IE type and reference

Semantics description



Message Type

M













Measurement information elements











Measurement Identity Number

M









Measurement Type

O









Measurement reporting mode

O









Periodical reporting criteria

C-perRep









Intra-frequency measurement information

C - Intrafreq





















   











   Intra-frequency cell info

M





Measurement object



   Intra-frequency measurement 
   quantity

M









   Intra-frequency measurement
   reporting criteria

O









   Intra-frequency measurement 
   reporting quantity

O









   Intra-frequency reporting   
  quantity for RACH reporting

C -RACHrep









Inter-frequency measurement information

C - Interfreq





















   











   Inter-frequency cell info







Measurement object



   Inter-frequency measurement 
   quantity

O









   Inter-frequency measurement 
   reporting quantity

O









   Inter-frequency measurement
   reporting criteria

M









Inter-system measurement information

C - Intersys





















   











   Inter-system cell info







Measurement object



   Inter-system measurement 
   quantity

M









   Inter-system measurement
   reporting quantity

O









   Inter-system measurement
   reporting criteria

M

































  Neighbouring frequency info







Measurement object



Neighbouring frequency measurement quantity











Neighbouring frequency reporting quantity











Neighbouring frequency measurement reporting criteria











10.1.2.2 MEASUREMENT REPORT


<Functional description of this message to be included here>


RLC-SAP: t.b.d. 


Logical channel: DCCH


Direction: UE(UTRAN


Information Element

Presence

Range

IE type and reference

Semantics description



Message Type

M









Measurement Information Elements











Measurement report information



1 to <maxMeasRepCount>



Send Measurement Report information for each measurement report in the message (Note 1) 



   Measurement identity number

M









   Measured Results

C MR required









   CHOICE event result

C event trigger





Note 1,2



      Intra-frequency 
      measurement event results











      Inter-frequency  
      measurement event results











      Inter-system measurement 
      event results











      Traffic volume measurement
      event results











      Quality measurement event 
      results











     Neighbouring frequency 
     measurement event result











10.1.2.1 MEASUREMENT CONTROL


<Functional description of this message to be included here>


RLC-SAP: t.b.d. 


Logical channel: DCCH


Direction: UTRAN(UE


Information Element

Presence

Range

IE type and reference

Semantics description



Message Type

M









Measurement Information elements











Measurement Identity Number

M









Measurement Command

M









Measurement Type

O









Measurement Reporting Mode

O









CHOICE Measurement











   Intra-frequency











      Intra-frequency cell info







Measurement object



      Intra-frequency measurement
      quantity 

C event trigger









      Intra-frequency measurement
      reporting quantity 

O





Note 1



      CHOICE report criteria











         Intra-frequency
         measurement 
         reporting criteria 











         Periodical reporting











   Inter-frequency











      Inter-frequency cell info







Measurement object



      Inter-frequency measurement
      quantity 

C event trigger









      Inter-frequency measurement
      reporting quantity 

O





Note 1



      CHOICE report criteria











         Inter-frequency
         measurement 
         reporting criteria 











         Periodical reporting











   Inter-system











      Inter-system cell info







Measurement object



      Inter-system measurement
      quantity 

C event trigger









      Inter-system measurement
      reporting quantity 

O





Note 1



      CHOICE report criteria











         Inter-system measurement 
         reporting criteria 











         Periodical reporting











   Traffic Volume











      Traffic volume measurement
      Object











      Traffic volume measurement
      quantity 

C event trigger









      Traffic volume measurement
      reporting quantity 

O





Note 1



      CHOICE report criteria











         Traffic volume measurement 
         reporting criteria 











         Periodical reporting











   Quality











      Quality measurement
      Object











      Quality measurement
      quantity 

C event trigger









      Quality measurement
      reporting quantity 

O





Note 1



      CHOICE report criteria











         Quality measurement 
         reporting criteria 











         Periodical reporting











  UE internal











      UE internal measurement
      quantity 

C event trigger









      UE internal measurement
      reporting quantity 

O





Note 1



      CHOICE report criteria











         UE internal measurement 
         reporting criteria 











         Periodical reporting



































   Neighbouring frequency











       Neighbouring frequency info











       Neighbouring frequency 
       measurement quantity

C event trigger









       Neighbouring frequency 
       reporting quantity

O









      CHOICE report criteria











          Neighbouring frequency 
          reporting criteria











          Periodical reporting











10.2.7. MEASUREMENT INFORMATION ELEMENTS


In SYSTEM INFORMATION (UTRAN --> UE), we propose to include the following new IEs



Neighboring-frequency info

Parameters 

REFERENCE

TYPE

NOTE



Frequency number



M

Designate the center frequency of the downlink carrier



Neighbouring frequency measurement quantity

Parameters 

REFERENCE

TYPE

NOTE



Intra-frequency received power



O





Neighboring-frequency received power



O





Neighbouring frequency reporting quantity


ffs


Neighbouring frequency reporting criteria


Parameters 

REFERENCE

TYPE

NOTE



Threshold



O





3.2  Text Proposal for ACP procedure in 25.331


15 SPECIFIC FUNCTIONS


15.5  FREQUENCY SELECTION FOR ADJACENT CHANNEL PROTECTION


This procedure is used to avoid strong interference between different networks.


In an area that is covered by a UMTS network of more than one network operator and where the operators have frequency bands that are adjacent to each other, all UEs shall perform Neighbouring Frequency measurements. The quantities to be measured are the total received power in the neighbouring frequency band and the total received power in the own frequency band. These measurements are used by the UTRAN to assign or change to a non-adjacent frequency, if the interference caused to the other network is too high. This can be done both in idle and connected mode.


Idle Mode


The System information message carries information of other operators' frequencies, if they are adjacent to the frequency used in the cell the UE camps on. When an RRC connection is set up, then the UE shall report the neighbouring frequency measurements to the UTRAN in the RRC Connection Setup Request message. If the ratio between the neighbouring frequency received power to the intra-frequency received power is larger than a threshold then the UTRAN assigns a non-adjacent frequency for the UL.


Connected Mode


If the UE is using a frequency that is adjacent to another operator's frequency in that area, then the UTRAN requests the UE to perform Neighbouring Frequency measurements. The reporting can be periodic or event triggered. If the ratio between the neighbouring frequency received power to the intra-frequency received power is larger than a threshold then the UTRAN assigns a non-adjacent frequency for the UL. 
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