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1 Introduction
This document attempts to progress the issues for UE RF requirements for the “low complexity” UE for MTC.
2 Reference channels for UE RF testing
2.1 Downlink

In the last meeting there was a proposal in [1] to agree the downlink reference channel for performing 36.101 section 7 UE receiver tests. Vodafone largely agrees with the proposal; however it may need to be made clearer in the channel definition that the PDCCH may still be allocated across the full channel bandwidth. 
Time domain relationship between PDSCH and PDCCH:
Also, whether the PDCCH and PDSCH are allocated in the same sub-frame for a scheduled transmission has not yet been agreed. But this is only mentioned to say that there may be some further changes (but this may not directly impact any simulation results).

Frequency location of PDSCH:
It should be pointed out that RAN1 still has not finalized the restrictions on the placement of the 6 RBs for PDSCH within the channel bandwidth, but there seem to be 2 worst case options, either:

1) The PDSCH is always fixed to the middle 6 RBs of the channel.

2) The PDSCH is given some level of freedom in its allocation (except in subframes SF#0 and SF#5), and could be 

a. contiguously allocated but anywhere within the channel, or 

b. non-contiguously allocated 

For both options (a) and (b) the scenario where the RBs are allocated in either the lowest or highest RB positions seems to be possible.

Then for UE RF receiver tests, the following 2 worst case scenarios are possible (depending on what RAN1 finally agree):

A) If option (1) above is applied, then the 6 RBs for PDSCH will always be in the middle of the channel. 
B) If option (2) above is applied, the worst case scenario (for both 2a and 2b) at least for FD-FDD would be when the 6 RBs are contiguously allocated at the edge of the channel closest to the uplink frequency.

Observation 1: Either A or B frequency locations of PDSCH will need to be applied for UE RF receiver tests.
The usage of a narrower PDSCH allocation may generally impact all RF receiver requirements purely due to the fact that the number of PDSCH resource blocks are reduced, and therefore the current power ratios assumed for interferer versus signal power levels in existing tests such as blocking and ACS may cause more degradation to the wanted throughput than with the current PDSCH configuration that covers all resource blocks. 
Observation 2: Some re-calculation of the required signal levels may need to be performed to ensure that they are still relevant when a smaller PDSCH resource bandwidth is used on downlink for receiver tests.
2.2 Uplink
The proposal in [2] seems to be a good starting point. But for RF testing (considering that we are not expecting any UE transmitter requirements to be modified. 

Therefore, it would seem that “full RB allocation with QPSK” for each channel bandwidth would be a sufficient configuration to use for UE receiver tests (maybe only RX sensitivity).
Also, Vodafone does not understand the comments from last meeting that we should wait for RAN1, because for the “low complexity” UE there is not expected to be any uplink impact except for the TBS limitation to 1000 bits. There will be changes for “enhanced coverage” operation but it is not assumed that the “low complexity” UE will always be operating “enhanced coverage” features, and there is no agreement yet that it shall always support them.
Proposal: Vodafone propose that RAN4 agree the “full RB allocation with QPSK” configuration from [2] for UE RF receiver testing.
3 Requirements impact from single Rx support

Analysis was provided in [3] at RAN4#68bis. This does not seem to have been questioned except the 3dB value for X dB. Therefore it is proposed that the following is added to the TR.

For Rx requirements in section 7 of 36.101, the receiver characteristics indicate that the test setup applies “identical” wanted signals to each Rx antenna port, and “identical” interfering signals to each Rx antenna ports. The following impacts apply to each requirement below, due on the use of a single Rx antenna port. 
· Reference sensitivity level: This would be reduced by X dB, where the value of X needs further evaluation.

NOTE: The same value of X is also applied where stated in the requirements below.

· Maximum input level: In order to meet the required throughput, the “Power in Transmission Bandwidth Configuration” would need to be increased by XdB.

· Adjacent channel selectivity: 

· Case 1 requirements: No change to values, as both wanted and interferer signal are relative to REF_SENS.

· Case 2 requirements: No change to values, as both wanted and interferer signal are absolute levels, so would both scale with the removal of one Rx antenna port.

· In-band blocking: As the wanted signal is relative to REFSENS, the value of Pinterferer should be increased by X dB in each case.

· Out-of-band blocking:  As the wanted signal is relative to REFSENS, the value of Pinterferer should be increased by X dB in each case.

· Narrowband blocking: As the wanted signal is relative to REFSENS, the value of PUW should be increased by X dB in each case.

· Spurious response: As the wanted signal is relative to REFSENS, the value of Pinterferer should be increased by X dB in each case.

· Intermodulation characteristics: As the wanted signal is relative to REFSENS, the values of Pinterferer1 and Pinterferer2 should be increased by X dB in each case.

· Spurious emissions: No change to values is foreseen as the measurement is performed at each antenna port.
· Receiver image: No change to values foreseen, as the Requirement is only valid for Carrier Aggregation configurations which does not apply to “Low complexity” UE for MTC.
NOTE:
There are no impacts to CA or MIMO tests because the “low complexity” UE for MTC will not support CA nor MIMO.

Proposal: It is proposed to agree the above analysis and add it to the TR.
4 Requirements impact from Half Duplex FDD support

RAN4 has received an LS from RAN1 to indicate their assumption that the existing RAN1 specification text would apply for half-duplex operation. It should be noted that RAN1 specifications have not actually defined a GP for HD-FDD, and therefore RAN4 feedback on likely switching time for HD-FDD is necessary to enable RAN1 to understand if there would be any impact from their assumptions.
Current RAN4 specifications for FDD and TDD seem to rely on the Tx ON/OFF time mask and Tx ON/OFF power mask requirements to imply switching times between Tx and Rx. These requirements are copied below, but they all seem to suggest that the UE should be capable of switching from Tx and Rx and from Rx to Tx within 20us, without the Tx causing impact on the Rx. 
But further feedback is appreciated on whether this could be shortened further, as the larger the switching time, the larger impact on receiver performance.

From Vodafone analysis, it is not believed that any other Tx or Rx requirements are affected by the operation of HD-FDD.

Proposal: 
- 
Agree to add to the TR that there are no impacts on existing transmitter and receiver RF requirements to support HD-FDD.

-
Other companies to provide feedback is appreciated on Vodafone’s analysis on the switching time, but agree that no more than 20us would be required. 
6.3.3
Transmit OFF power

Transmit OFF power is defined as the mean power when the transmitter is OFF. The transmitter is considered to be OFF when the UE is not allowed to transmit or during periods when the UE is not transmitting a sub-frame. During DTX and measurements gaps, the UE is not considered to be OFF.

6.3.3.1.
Minimum requirement

The transmit OFF power is defined as the mean power in a duration of at least one sub-frame (1ms) excluding any transient periods. The transmit OFF power shall not exceed the values specified in Table 6.3.3.1-1. 
Table 6.3.3.1-1: Transmit OFF power
	
	Channel bandwidth / Transmit OFF power / Measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Transmit OFF power
	-50 dBm

	Measurement bandwidth
	1.08 MHz
	2.7 MHz
	4.5 MHz
	9.0 MHz
	13.5 MHz
	18 MHz


6.3.4
ON/OFF time mask 
6.3.4.1

General ON/OFF time mask

The General ON/OFF time mask defines the observation period between Transmit OFF and ON power and between Transmit ON and OFF power. ON/OFF scenarios include; the beginning or end of DTX, measurement gap, contiguous, and non contiguous transmission 

The OFF power measurement period is defined in a duration of at least one sub-frame excluding any transient periods. The ON power is defined as the mean power over one sub-frame excluding any transient period. 

There are no additional requirements on UE transmit power beyond that which is required in subclause 6.2.2 and subclause 6.6.2.3
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Figure 6.3.4.1-1: General ON/OFF time mask 

6.3.4.2
PRACH and SRS time mask

6.3.4.2.1
PRACH time mask

The PRACH ON power is specified as the mean power over the PRACH measurement period excluding any transient periods as shown in Figure 6.3.4.2-1. The measurement period for different PRACH preamble format is specified in Table 6.3.4.2-1.

There are no additional requirements on UE transmit power beyond that which is required in subclause 6.2.2 and subclause 6.6.2.3

Table 6.3.4.2-1: PRACH ON power measurement period

	PRACH preamble format
	Measurement period (ms)

	0
	0.9031

	1
	1.4844

	2
	1.8031

	3
	2.2844

	4 
	0.1479
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Figure 6.3.4.2-1: PRACH ON/OFF time mask

6.3.4.2.2
SRS time mask

In the case a single SRS transmission, the ON power is defined as the mean power over the symbol duration excluding any transient period. Figure 6.3.4.2.2-1 

In the case a dual SRS transmission, the ON power is defined as the mean power for each symbol duration excluding any transient period. Figure 6.3.4.2.2-2 

There are no additional requirements on UE transmit power beyond that which is required in subclause 6.2.2 and subclause 6.6.2.3
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Figure 6.3.4.2.2-1: Single SRS time mask
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Figure 6.3.4.2.2-2: Dual SRS time mask for the case of UpPTS transmissions

6.3.4.3
Slot / Sub frame boundary time mask

The sub frame boundary time mask defines the observation period between the previous/subsequent sub–frame and the (reference) sub-frame. A transient period at a slot boundary within a sub-frame is only allowed in the case of Intra-sub frame frequency hopping. For the cases when the subframe contains SRS the time masks in subclause 6.3.4.4 apply.

There are no additional requirements on UE transmit power beyond that which is required in subclause 6.2.2 and subclause 6.6.2.3
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Figure 6.3.4.3-1: Transmission power template

6.3.4.4
PUCCH / PUSCH / SRS time mask

The PUCCH/PUSCH/SRS time mask defines the observation period between sounding reference symbol (SRS) and an adjacent PUSCH/PUCCH symbol and subsequent sub-frame.

There are no additional requirements on UE transmit power beyond that which is required in subclause 6.2.2 and subclause 6.6.2.3
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Figure 6.3.4.4-1: PUCCH/PUSCH/SRS time mask when there is a transmission before SRS but not after
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Figure 6.3.4.4-2: PUCCH/PUSCH/SRS time mask when there is transmission before and after SRS

[image: image8.emf]20µs 40µs

Transient period

PUSCH /PUCCH

Start of N

+2

 power

power requirement

Transient period

End of OFF



SRS 

N

+2

 Sub-frame

SRS ON power 

requirement


Figure 6.3.4.4-3: PUCCH/PUSCH/SRS time mask when there is a transmission after SRS but not before
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Figure 6.3.4.4-4: SRS time mask when there is FDD SRS blanking
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