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1.0 Comment
Section 6.13.5 addresses the following mandatory functional requirements to ensure no excessive interference beyond a threshold value at the TV protected contour. At a given time, such interference may come from one single WRAN device (CPE or BS), or multiple WRAN devices if they are scheduled to transmit within the same TV channel at the said given time.
The current version of section 6.13.5 in [1] gives the maximum transmitted EIRP constraint for an individual WRAN device, to ensure its individually induced interference at the TV protected contour meets a certain D/U requirement. As simultaneous transmission from multiple WRAN devices occurs with high probability in an OFDMA system, a joint power control function shall also be mandatory for a WRAN system to protect the incumbent users, in co-channel or first adjacent channel operation outside the TV protected contour. 
“Multiple CPE joint TPC” was identified as “URGENT work - results needed for green zone” in [3]. The current version of Annex B.2 in [1] is not technically accurate. Section 2.0 in this document presents the proposed text for inclusion as sections 6.13.5.3 and 6.13.5.4, in replacement of Annex B.2. Sections 6.13.5.1 and 6.13.5.2 have been submitted in a separate comment supported by document [2] as a replacement of section 6.13.5 in [1].

2.0 Proposed Text Changes
6.13.5 Maximum Transmit EIRP Control of CPE and BS for the Protection of TV Incumbents
6.13.5.1 Individual CPE Maximum Transmit EIRP Control for the Protection of TV Incumbents
See the proposed text change to 6.13.5.1 to [1] in [2].
6.13.5.2 Individual BS Maximum Transmit EIRP Control for the Protection of TV Incumbents
See the proposed text change to 6.13.5.2 to [1] in [2].
6.13.5.3 Joint CPE Transmitted EIRP Control for the Protection of TV Incumbents
A joint EIRP constraint among CPEs located in a neighbouring area is required in order to avoid creating interference above the interference threshold into TV receivers during simultaneous transmission in the same TV channel. For example this applies in OFDMA when CPEs share the same subcarriers or sub-channels on the uplink, or when CPEs use different sub-channels but each one transmits the full 4W EIRP. In particular, this scenario applies to sharing of the spectrum by WRAN cells or operators. 

The joint control of the CPEs transmitted EIRP is meant to protect incumbent services in the protected areas in the case of simultaneous transmissions from multiple CPEs located in an area close to a common boundary segment of the TV protected contour, but located outside the TV protected contour. We designate this area as a constraint area. The constraint area is determined from the Geolocation information of the CPEs and the operating incumbent systems, which are know from the spectrum map maintained by the WRAN. This joint control of the transmitted EIRP applies to WRAN operation on the same channel or on the first adjacent channel of a TV operation. The simultaneous CPE transmissions could occur in the following scenarios:

· Uplink sharing of the same TV channel but not the same subchannel 

· Uplink sharing of the same subchannel within the same TV channel
· WRAN cells sharing the same TV channel but not the same subchannel (same WRAN or coexistence with another WRAN)
· WRAN cells sharing the same subchannel within the same TV channel (same WRAN or coexistence with another WRAN)

· Contention-based access to a WRAN base station. 

· Coexistence with other license-exempt users whose transmissions can be modelled as another CPE transmitting simultaneously with one or more CPEs of the WRAN. 

In 6.13.5.1, individual CPE maximum transmitted EIRP is defined. This individual maximum EIRP control comes prior to any CPE scheduling and other power control for each CPE. The scheduler at the BS assigns DS sub-channel and transmit power to CPEs connecting with the BS through the US-MAP message. The individual allocated CPE transmitted EIRP shall not exceed the maximum CPE transmitted EIRP with a protection margin as defined in 6.13.5.1.
In addition to the individual maximum transmitted EIRP constraint defined in 6.13.5.1, when the WRAN system attempts to schedule CPE transmission on TV channel
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, it shall guarantee the total radiated in-band interference so caused at the TV protected contours on TV channel
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, do not exceed pre-defined thresholds if any of the said TV channels are being used by the incumbent system. The actual allocated power to each CPE on TV channel 
[image: image4.wmf]N

 must satisfy the following conditions in order not to induce excessive interference at the TV protected contour of TV channel 
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is the total number of CPEs within the constrained area;
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is the index of CPEs within the constraint area ranging from 
[image: image12.wmf]1

 to
[image: image13.wmf]K

;


[image: image14.wmf]k

CPE

P

,

is the actual transmitted EIRP of CPE 
[image: image15.wmf]k

 on its assigned sub-channels within TV channel
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is the interference level at the protected contour , induced by the transmission of CPE 
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is the maximum allowed interference level created by the WRAN into the incumbent system that operates on channel
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, given the CPEs are transmitting on TV channel
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is a predefined margin for the protection of the primary incumbent system by joint CPE power control. 
A joint power controller shall be present after each new scheduling decision for US transmission, i.e. a joint power control algorithm shall be performed after each new allocation of US subchannels and transmitted powers to CPEs. This joint power control module tests if the allocated transmitted powers jointly satisfy the above constraint. Whenever multiple CPEs are scheduled within a TV channel
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, the WRAN first looks at the spectrum map and determines if any neighboring incumbent system is active on any TV channels ranging from 
[image: image30.wmf]1

-

N

 to
[image: image31.wmf]1

+

N

. If an incumbent service is detected on any of these channels, the above interference constraint shall be tested for each detected TV channels 
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 on which an incumbent system is active. If the joint interference exceeds the threshold, the joint power controller shall reduce the transmit power for some or all scheduled CPEs, if it is determined that some of these CPEs belong to the same constraint area relative to the TV operation on channel 
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 is the newly allocated transmit power for CPE 
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 by the joint CPE power control module. The joint interference level at the TV protected channel is then updated with the newly allocated transmit power to test if there is excessive interference. The joint power control mechanism keeps reducing the transmit power of CPEs within the constraint area until there is no harmful interference in TV channel
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. Such a procedure is repeated for each TV channel 
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 on which an incumbent system is active. Since each execution of the procedure gives one value for
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, the minimum one is chosen to be the actual final transmit power for CPE 
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 to ensure there is no excessive harmful in-band or out-band interference on TV channels
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 due to the CPE transmission on channel
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. A well-designed scheduling and power control algorithm will make sure that the joint interference meets the interference threshold requirement, so that the joint CPE power control module would not need to modify the power allocation and would not disturb the scheduling decision. 

The described joint power controller shall be present for every TV channel 
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 within which multiple CPEs are scheduled, if the incumbent system occupies any of the TV channels
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. For bonded or aggregated channels, the joint power control algorithm shall be executed for each single TV channel. The principle of a joint power controller on a single channel is depicted in Figure 19.1.

To calculate the interference induced by CPE 
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 at the TV protected contour, it is recommended to use the following model:
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 is the path-loss from the said CPE to the protected contour on TV channel 
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 according to a certain pre-determined channel model. A list of recommended channel models is available in the recommended practice document [reference to be updated in the future].
To update the invalid power allocation which would cause excessive aggregated interference at the TV protected contour, a simple implementation is given by 
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 is a pre-defined positive percentage constant for each CPE
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Figure -19.1 Structure of a joint power control module 

Note that if the WRAN coexists with multiple incumbent systems, the joint CPE power control shall be performed with respect to each individual incumbent system. For each scheduled CPE, the minimum transmit power value from the results of joint CPE power controls with respect to multiple incumbent systems shall be chosen in order not to cause excessive interference to any of the incumbent systems. 
6.13.5.4 Joint BS Transmitted EIRP Control for the Protection of TV Incumbents
when the WRAN system attempts to schedule BS transmission on TV channel
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, it shall guarantee the total radiated in-band interference so caused at the TV protected contours on TV channel
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, as well as the out-band interferences in the first adjacent TV channels 
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, do not exceed pre-defined thresholds if any of the said TV channels are being used by the incumbent system. The actual allocated power to each BS on TV channel 
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 must satisfy the following conditions in order not to induce excessive interference at the TV protected contour of TV channel 
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 to protect the incumbent service on TV channels
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is the total number of BSs within the constrained area;
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 is the index of BSs within the constraint area, ranging from 
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is a predefined margin for the protection of the primary incumbent system for joint BS power control. 
Similar joint BS power control should be present as in 6.13.5.3. The joint BS power control shall decrease the scheduled BS power until the above constraint is satisfied as described in 6.13.5.3.
The described joint power controller shall be present for every TV channel 
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 within which multiple BSs are operating, given the incumbent system occupies any of the TV channels
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. For bonded or aggregated channels, the joint power control shall be executed for each single TV channel.
Note that if the WRAN coexists with multiple incumbent systems, the joint BS power control shall be performed with respect to each individual incumbent system. For a certain BS, the minimum transmit power value from the results of joint BS power controls with respect to multiple incumbent systems shall be chosen in order not to cause excessive interference to any of the incumbent systems. 
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Abstract


A method to determine the maximum allowed transmitted EIRP for one WRAN device, taking in account TV operations in nearby TV channels in the vicinity of the WRAN device, is described in section 6.13.5 of [1]. Revisions to this method have been submitted separately in [2]. The current transmitted EIRP control mechanism guarantees the transmission from each individual WRAN device meets the D/U ratio requirement at the TV protected contour. However, when multiple WRAN devices are scheduled to transmit within one TV channel simultaneously, the interferences induced at the TV protected contour aggregate. A method is proposed herein for the mandatory joint transmitted power control of multiple WRAN devices simultaneously transmitting on the same TV channel, in order to control the aggregate interference created at the edge of the TV protected contour, when these devices are located in a certain vicinity of each other. A recommended practice is also proposed. This feature was identified in September 2006 as an urgent “red” mandatory feature to be resolved [3]. The proposed text changes are presented in section 2.0 of this document. Sections 6.13.5.3 and 6.13.5.4 are proposed, in replacement of Annex B.2. 
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