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1 Introduction
Transmit off power for TDD was briefly discussed in the last meeting. A simple conversion from conducted power to TRP is difficult due to the very low level of the requirement. 

Further analysis is done to investigate the background off power requirement and hence the best method to translate it to an OTA requirement.
2 Discussion

The TDD off power is as follows:
E-UTRA
less than -85dBm/MHz

UTRA

1.28Mcps

less than -82dBm 
(approx -83dBm/MHz)




3.84Mcps

less than -79dBm 
(approx -85dBm/MHz)




7368Mcps

less than -76dBm 
(approx -85dBm/MHz)

The requirements are all of a similar level so it is assumed the same rational is used for both UTRA and E-UTRA.
The rationale for the UTRA TDD 1.28Mcps TX off level is given in TR 25.942
Assuming the Noise Figure(NF) of BS is 7dB and Minimum Couple Loss(MCL) is 30dB. For the victim receiver, the Tx OFF power should not exceed the thermal noise. If Tx OFF power is 6dB below thermal noise, it will introduce 1dB degradation. The proposal for Tx OFF power is as follows:
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NOTE:
In 1.28 Mcps TDD option, The noise figure of BS is assumed to be 7dB, it is  based on that this parameter has been approved by CWTS yet and it is easier for implementation of BS.

The rationale behind this figure is based on the 30dB MCL figure. This figure has been derived from the co-location coupling scenarios and hence it can be assumed that the Tx off requirement is derived based on the co-location requirements.

Observation 1: Tx off level is based on co-location requirements.

It can of course also be expected that the TX off noise will not only interfere with co-located systems but also other BS in the same geographical area and as this is a TDD system also other UE.

In the case of AAS we should consider if co-location is still the worst case:

2.1 Co-existence with BS in same geographical area

For Macro-Macro scenarios a MCL of 67dB is assumed between 2 BS. As the BS do not move and the TX_OFF radiation pattern is unlikely to move (as it is noise it will most likely be the same radiation pattern as the element pattern). It could be argued that a an EIRP requirement is the correct metric in this case. Alternatively a TRP metric with a worst case assumption on the beam forming gain (for the TX_OFF power) could be used.
This is from the following:


87 dB 
Pathloss (288 m Line-of-sight)


+13 dB
TX antenna gain


+13 dB
RX antenna gain


-6 dB
Reduction in effective antenna gain due to antenna tilt


= 67 dB
MCL
This can be represented as follows:
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If this were translated to an OTA requirement then the antenna pattern of the aggressor would become part of the system being tested.

The MCL would hence be:
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And the OTA TX_OFF level would be:
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 (EIRP)
This level is EIRP so includes any antenna gain. As the Tx off level will not be a coherent signal the antenna gain will be that of the radiating element, for a passive antenna this will be approx 16dBi, for a 1:1 AAS the element gain will be approx 8dBi.

So the TRP Tx off level requirement due to the BS-BS co-existence requirements is approx -43 to -51dBm

Unsurprisingly these are similar figures to those derived of unwanted emissions in co-existence bands.
The levels are significantly higher than can be expected for co-location requirements.

2.2 BS to UE

The MCL between BS and UE for different BS classes is:


Wide area: 70dB


Medium range: 53dB


Local area: 45dB

Cleary TX_OFF level in the existing specification does not vary with BS class so the requirement is not based on this effect. 
However it is worth re-examining for OTA.

As in this case the victim is a UE, interference and throughput disruption will be statistical based on the UE’s (random) location. As with most of the co-existence requirements when this is the case a TRP metric is the correct one.

Once again using the MCL values EIRP requirements can be derived for each of the BS classes. 
In this case as the victim is a UE, it is assumed that UE antenna gain is 0dBi in all directions the MCL values do not have to be modified to remove the victim antenna gain. Also the UE is assumed to have 9dB noise figure and when UE interference is analyzed in TR 25.945 the 6dB margin is not applied. It is sufficient for the noise to be below the UE noise floor.
From TR 25.945 (sub-cluase 5.2.5 UE ON/OFF power)

The maximum acceptable transmit off power level can be represented as follows


Transmit off power level [dBm] < -174 [dBm/Hz] + 10log(1.28M[Hz]) +NF+MCL,

Applying to each of the BS classes:

Wide area: 
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Medium range: 
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Local area: 
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To convert these to TRP requirements we must make some assumptions on the aggressor antenna gain

Wide area: Full array (passive system) = 16dBi,

element = 8dBi

Medium range:
 Full array (passive system) = 11dBi ,

element = 8dBi
Local area: Full array (passive system) = 0dBi,

element = 0dBi

The approximate TRP requirements are hence:
Wide area: TRP TX_OFF level requirement -42 to -50dBm

Medium range: TRP TX_OFF level requirement -59 to -62dBm

Local area: TRP TX_OFF level requirement -59 to -59dBm

2.3 Analysis
As AAS co-location scenarios may be based on the proximity requirements rather than the 30dB MCL, AAS co-location only considers emissions which are for co-located victims i.e. not in the main beam direction. For the conducted requirements where spatial performance was not included in the requirement it was sufficient to take the worst case. However for AAS the worst case MCL is not aligned with the worst case antenna gain.
Hence the requirements for TX_OFF levels in the direction of the main beam should also be considered. The requirements based on BS-BS co-existence and BS-UE have been investigated the results are as follows:

	Requirement
	EIRP level
	TRP level

	BS-BS (WA)
	-35dBm
	-43 to -51dBm

	BS(WA)-UE
	-34dBm
	-42 to -50dBm

	BS(MR)-UE
	-51dBm
	-59 to -62dBm

	BS(LA)-UE
	-59dBm
	-59dBm


For the BS to BS case as there are no random variable due to variation in UR location EIRP is possibly the correct metric.  

The BS-UE case has the random location of the UE to consider, however as the limit calculated is so similar to the BS-BS case it would be simpler to treat the two of them together and use EIRP. This has the advantage of being easier to measure and requiring fewer assumptions about antenna gain. A ERP level of -34dBm could be used for the wide area BS TX-OFF power.

BS-BS interference has not been analysed for the medium range and local area case, there is no additional information, however if the same rational is used as for the wide area the BS-UE EIRP levels could be used. The limit could be set at -51dBm for medium range BS and -59dBm for local area BS. 
A max EIRP in all directions would be a suitable core requirement, for the conformance requirement as the TX_OFF power is noise like and is in-band hence it will be expected to radiate as per the element pattern. As the element pattern direction should be predictable and will be maximum in the reference direction so it is acceptable to test only in the reference direction. 

3 Summary

This contribution has examined the TX_OFF requirement based on the derivation used for 1.28Mcps UTRA found in TR25.945. It has seen that the existing TX_OFF requirements are based on the 30dB MCL from the co-location scenarios.

Observation 1: Conducted Tx off level is based on co-location requirements.

However AAS BS co-existence requirements are being proposed to be defined as proximity based requirements. This is acceptable for TX-OFF interference for co-located systems but does not cover TX_OFF interference to other BS in the same geographical area and also to UE. Whilst only the toughest requirement was important when deriving the conducted requirement for OTA these requirements must also be considered.

Proposal 1: Separate TX_OFF requirements are given for co-location and for radiated in main beam (co-existence BS-BS and BS-UE)
Proposal 2: The co-location requirement uses the proximity based approach similar to receive band UEM.

Proposal 3: The co-existence requirement uses EIRP

Proposal 4: Co-existence requirements are different for different BS classes.

Proposal 5: Conformance need only be shown in the reference direction.

The levels shown in this paper have been based on the assumptions used to derive the 1.28Mcps UTRA TDD TX-OFF requirements. Some modifications may be needed when considering E-UTRA.
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