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1 Introduction

During recent meetings, much discussion has taken place with regard to UEM requirements for AAS. During RAN4#77, a TP on UEM was agreed [1].
For TDD systems, there exists a requirement on the maximum transmitter OFF power during uplink receive periods. The requirement specifies a maximum output power level for each transmitter and a transient time mask when switching between DL and UL. The E-UTRA requirement is as follows:

6.4.1
Transmitter OFF power

Transmitter OFF power is defined as the mean power measured over 70 us filtered with a square filter of bandwidth equal to the transmission bandwidth configuration of the BS (BWConfig) centred on the assigned channel frequency during  the transmitter OFF period.

For BS supporting intra-band contiguous CA, the transmitter OFF power is defined as the mean power measured over 70 us filtered with a square filter of bandwidth equal to the Aggregated Channel Bandwidth BWChannel_CA centred on (Fedge_high+Fedge_low)/2 during the transmitter OFF period.

6.4.1.1
Minimum Requirement

The transmitter OFF power spectral density shall be less than -85dBm/MHz.

For BS capable of multi-band operation, the requirement is only applicable during the transmitter OFF period in all supported operating bands.

6.4.2
Transmitter transient period

The transmitter transient period is the time period during which the transmitter is changing from the OFF period to the ON period or vice versa. The transmitter transient period is illustrated in Figure 6.4.2-1.
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Figure 6.4.2-1 Illustration of the relations of transmitter ON period, transmitter OFF period and transmitter transient period.

6.4.2.1
Minimum requirements

The transmitter transient period shall be shorter than the values listed in Table 6.4.2.1-1.

Table 6.4.2.1-1 Minimum requirements for the transmitter transient period

	Transition
	Transient period length [us]

	OFF to ON
	17

	ON to OFF
	17


The requirement serves two purposes:
· It ensures that the TDD transmitter power level is sufficiently low during uplink periods that receiver sensitivity is not degraded due to self-interference from the transmitter circuitry.
· It ensures that the transmitter power declines sufficiently quickly and to a sufficiently low level that the basestation will not cause significant interference to other co-channel basestations at other locations during UL periods.

2 Discussion

One purpose of the TDD OFF requirement is to avoid desensitization of the receiver due to the BS own transmitter. Desensitization of the receiver will arise due to coupling between transmit elements and receive elements in an array, or inside the RDN.
In the non AAS specifications, the degree of coupling between the transmitters in the array and each receiver (whether implemented as a separate or common antenna) is not known. The requirements on TDD OFF have therefore been designed with some assumptions on the amount of isolation in the array. In particular, the isolation needs to be greater than around 30dB in order to avoid that any array coupled power is not greater than the receiver noise level.

For an AAS and in particular a large array, the amount of coupling between radiating elements may lead to isolation of less than 30dB, and for this reason an intra-array IMD requirement based on a declared TX-TX coupling has been introduced. Similar considerations can apply to the transmitter to receiver coupling; the assumption behind the conducted levels may not be sufficient for arrays.

Fortunately, however a radiated requirements for TDD OTA sensitivity have been introduced. This requirement will capture self-interference from the transmitters. The OTA sensitivity requirement is specified to be applicable in normal operating conditions will all functional components switched on. For FDD, this means that the transmitters should be continuously active (as this is the maximum capability test case); for TDD that the transmitters should be activated at full power during downlink periods (the maximum capability test case for TDD).

In the current conformance tests for conducted sensitivity, a DL TM is specified for FDD. However for TDD a DL test model is not properly specified in the conformance test. 
For the radiated sensitivity test, it is even more important to ensure that self-interferences are captured properly, since the conducted receiver self-interference requirements will not necessarily be appropriate to all array types, and since for AAS the antenna array and coupling is a part of the BS. Therefore effort should be spent to specify the TM and test level used for TDD tests properly and appropriately.

Proposal 1: The OTA conformance test for TDD should properly capture the TX test model and test level to be used for reference sensitivity. 
In a future release, it is to be expected that more UL requirements can be moved to OTA. If this occurs, then both a minimum OTA sensitivity and a reference OTA sensitivity (possibly the same) will need to be specified. At such time as these are specified, then assuming that proposal 1 is implemented, the impact of transmitter self-interference will be fully captured by the OTA sensitivity requirement. In such a case, the remaining purpose of the TDD OFF requirement is controlling inter-site interference. It may be possible at that point to revise the minimum requirement level in order to deal with the inter-site case only. We do not propose any change in the level at this stage, but that the possibility to do so should be noted for the future.
Proposal 2: It should be stated in 37.842 that assuming implementation of proposal 1, and setting of minimum and/or reference OTA sensitivity level(s) then the OFF level for the TDD OFF requirement may be revisited such that it reflects the needs of the inter-site interference case.

For the meantime, the TDD OFF power requirement shall be retained. For the UEM requirements, an agreement has been made on an upper limit for total emissions. Clearly allowing for an unlimited scaling of the TDD OFF requirement would eventually significantly degrade TDD receiver sensitivity and also risk causing inter-site interference. However the current OFF power level is well below emissions limits and is related to self-interference, and so fixing an upper limit is not so essential, and the OTA sensitivity requirement will catch any excessive self-interference.
Proposal 3: Provided that the OTA sensitivity requirement adequately captures TX switching, there is no need to limit the TX OFF power with increasing numbers of transmitters.
3 Conclusion

TDD OFF power and FDD protection of own receiver are both conducted requirements that are needed because in non AAS systems, the antenna is not known. Their levels are based on assumptions that may not be correct for AAS systems. In principle, both requirements are can be superseded by OTA sensitivity, although some more care about the TDD conformance test is needed.

Proposal 1: The OTA conformance test for TDD should properly capture the TX test model and test level to be used for reference sensitivity. 

Proposal 2: It should be stated in 37.842 that assuming implementation of proposal 1, and setting of minimum and reference OTA sensitivity level(s) then the OFF level for the TDD OFF requirement may be revisited such that it reflects the needs of the inter-site interference case.

Proposal 3: Provided that the OTA sensitivity requirement adequately captures TX switching, there is no need to limit the TX OFF power with increasing numbers of transmitters.
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