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1 Introduction

As part of relay specification maintenance, this contribution aims to provide some background information for correction of some Relay transmitter requirements such as backhaul link OFF power, time alignment between different branches and Transmitter spurious emissions,  which are proposed in the CRs[1][2] in this meeting.    

2 Discussion
The Relay RF requirements include two aspects, i.e.backhaul link and access link, where the requirements are in principle derived from TS36.101 and TS36.104. Brief summary of the Relay transmitter requirements is given in Table 2.1:

Table 2.1 Relay transmitter requirements summary
	Tx requirements in TS36.116
	Backhaul link Power Class 1
	Access link Power Class 1 & 2

	6.2 Output power
	
	

	6.2.1 Maximum output power
	Derived from TS36.104 because Relay backhaul link has no limit in size and power like UE. The PRAT is related to the antenna port.
	Derived from TS36.104. The PRAT is related to the antenna port.

	       6.2.2 Configured transmitted Power for backhaul link
	Derived from TS36.101 for all PRAT, but the lower limit(i.e. minimum output power value) is different with UE.
	N/A

	6.3  Output power dynamics
	
	

	6.3.1 Minimum output power
	Derived from TS36.101, but the value is -50dBm, which is different with       -40dBm defined for UE.
	N/A

	6.3.2 ON/OFF time mask and transmitter OFF power
	For the time mask, it is derived from TS36.101 with no PRACH specified. However, the OFF power minimum  requirement is missing in TS36.116.
	Reuse the requirements in TS36.104

	6.3.3
Power control
	Derived from TS36.101 with no PRACH specified, and also the Note 2 in table 6.2.2-1 in TS36.101 is not applied.
	Reuse the requirements in TS36.104

	6.4 Transmitted signal quality
	
	

	6.4.1 Frequency error
	Reuse the requirement in TS36.101
	Reuse the Local Area requirement in TS36.104

	6.4.2 EVM
	Reuse the requirement in TS36.101
	Reuse the requirement in TS36.104

	6.4.3 Time alignment between different branches
	Reuse the time alignment error(TAE) requirement in TS36.101
	Reuse the time alignment error(TAE) requirement in TS36.104

	6.4.4  DL RS power
	N/A
	Reuse the requirement in TS36.104

	6.5  Unwanted emissions
	
	

	6.5.1 Transmitter spurious emissions
	Both Backhaul link and access link use the LTE Local Area BS requirements in TS36.104.

	6.5.2 Adjacent Channel Leakage power Ratio (ACLR)
	Both Backhaul link and access link use the LTE BS requirements in TS36.104. i.e. 45dB.

	6.5.3 Operating band unwanted emissions
	Both Backhaul link and access link use the LTE Local Area BS requirements in TS36.104.

	6.6 Transmitter intermodulation
	Both Backhaul link and access link use the LTE BS requirements in TS36.104.


From Table 1, it can be seen that for minimum output power and OFF power requirements, although they are derived from the TS36.101, the values are different with UE, thus the requirements in TS36.117 cannot be referred to TS36.101 directly. Also the test requirements shall not the same with TS36.521 in TS36.117, which means that the new minimum requirements and test requirements shall be introduced into TS36.116 and TS36.117, respectively. 
For the minimum output power requirement, it is already specified in TS36.116 and TS36.117. But for OFF power requirements, OFF power requirements for the backhaul link are missing in TS36.116. In the following subclauses, we highlight this problem and proposed changes are given. Other requirements such as Time alignment between different branches and Transmitter spurious emissions requirements are also discussed.
2.1 Backhaul link transmitter OFF power

The backhaul link transmitter OFF power requirement was defined in section 6.3.2 in TS36.116 as: 
 6.3.2
 ON/OFF time mask and transmitter OFF power

For a backhaul link with one antenna connector the ON/OFF time mask is specified in subclause 6.3.4 of TS36.101 [2]. The requirements for PRACH specified in subclause 6.3.4 of TS36.101 [2] does not apply.

For a backhaul link with multiple antenna connectors the ON/OFF time mask is specified in subclause 6.3.4B of TS36.101 [2]. The requirements for PRACH specified in subclause 6.3.4B of TS36.101 [2] does not apply.

Editors note: OFF power requirements for the backhaul link may be missing.
For the access link the transient period requirements are specified in subclause 6.4.2 of TS36.104 [3]. The requirements only apply for TDD Relay.

For the access link the transmitter off power requirements are specified in subclause 6.4.1 of TS36.104 [3]. The requirements only apply for TDD Relay.

From above, it can be seen that both backhaul link ON/OFF time mask and transmitter OFF power requirement were derived from TS36.101. However, for the OFF power requirement, it can be seen that the minimum requirement for the backhaul link is still missing in the specification (see highlighted texts). Actually, the requirement of the transmitter OFF power for Relay backhaul link was agreed in [4] in RAN4 #63 meeting, in which the value of -66dBm was adopted for all the bandwidths for Relay backhaul link, and it was captured in TS36.117 and TR36.826. 
The level of the OFF power could derive from the noise floor of victim receiver and MCL between the aggressor and victim equipment, which can be calculated by the formula: 
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Normally, the MCL of co-location sites is assumed as 30dB, and the value of NF is 8dB for Relay backhaul link. Taken into account 10MHz BW that was adopted during the Relay co-existence assumption, the OFF power shall be required as -66dBm for Relay backhaul link. In addition, this value was proposed to apply for the other BWs according to [4], in which case this follows the principle of UE.
In addition, the backhaul link transmitter OFF power test requirement was defined in section 6.3.2.7.1 in TS36.117 as:
6.3.2.7
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 Relay backhaul is not allowed to transmit or during periods when the Relay is not transmitting a sub-frame. During DTX and measurements gaps, the Relay backhaul is not considered to be OFF.

6.3.2.7.1
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 6.3.2.7.1-1.

Table 6.3.2.7.1-1: 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
	-66 dBm

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


The relay backhaul link transmit OFF power test requirements shall be the same as in clause 6.3.3 of TS 36.521 [7] except that the requirements shall apply to relay nodes.
It can be seen that the minimum requirement for backhaul link transmitter OFF power is different with the UE transmitter OFF power minimum requirement in TS36.101 where the value of -50dBm was defined for all the bandwidths, which means that the relay backhaul link transmit OFF power test requirements are not the same as in clause 6.3.3 of TS 36.521.
Therefore, for the OFF power requirements for the backhaul link, the minimum requirement and the test requirement should be added into TS.36.116 and TS36.117, respectively. 
For the test requirements, because of the backhaul link OFF power was derived from the TS36.101, and like some other requirements such as ON/OFF time mask and minimum output power, the values of the Test Tolerances defined in TS36.521, i.e. TT=1.5dB for f ≤ 3.0GHz and TT=1.8dB for 3.0GHz < f ≤ 4.2GHz, shall be used to add to the minimum requirements. Hence, the test requirement for the transmit OFF power shall not exceed the values specified in Table 2.1-1.
Table 2.1-1: 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
	For carrier frequency f ≤ 3.0GHz: ≤ [-64.5] dBm
For carrier frequency 3.0GHz < f ≤ 4.2GHz: ≤ -[64.2] dBm

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


Proposal 1: The minimum requirement and the test requirement for backhaul link OFF power should be introduced into TS.36.116 and TS36.117, respectively.
2.2 Time alignment between different branches
This minimum requirement can be found in clause 6.4.3 in TS36.116.
6.4.3
Time alignment between different branches

For the access link the time alignment requirements are specified in subclause 6.5.3 of TS36.104[3].

For the backhaul link the time alignment requirement is specified in subclause 6.8.1 of TS36.101 [2].

In both subclause 6.5.3 of TS36.104 and subclause 6.8.1 of TS36.101, the time alignment requirement is defined as time alignment error (TAE), rather than time alignment between different branches.
Actually, when the relay specification TS36.116 was built, the RF requirements titles were based on TS36.101 and TS36.104. In the earlier TS36.101 and TS36.104 specification, it used the name of ”Time alignment between different branches” , thus it is no strange to use the same title in TS36.116 in the early stage. However, in order to align with the other specifitions for example TS37.104, the title was changed to  ”Time alignment error” in TS36.101 and TS36.104 later.
Therefore, in order to avoid the misalignment issue it shoud be changed the title of ”Time alignment between different branches” to ”Time alignment error”.
Proposal 2: Change the title of “time alignment between different branches” to “Time alignment error” to avoid the misalignment among the specifications
2.3   Transmitter spurious emission
In the last meeting, some of the transmitter requirements were corrected in the agreed CR[4], in which for the transmitter spurious emssion requirement, the texts were copied as follow:
6.5.1
Transmitter spurious emissions

The access link and backhaul link minimum requirement for transmitter spurious emissions is defined in TS 36.116 [2] clause 6.5.1.

The method of test for transmitter spurious emissions for the relay access link shall be the same as in clause 6.6.4 of TS 36.141 [3] except that the requirements apply to relay nodes.

The backhaul link minimum requirement for transmitter spurious emissions is defined in TS 
The method of test for transmitter spurious emissions for the relay backhaul link shall be the same as in clause 6.6.3.1 of TS 36.521 [7] except that the requirements apply to relay nodes.
For the test requirements, the local area requirements of clause 6.6.4.5 of TS 36.141 [3] shall apply for Power Class 1 for both access link and backhaul link.

It can be seen that the local area requirements of clause 6.6.4.5 of TS36.141 only apply for power class 1 for both access link and backhaul link. It is because that some concerns was raised  that why the local area LTE BS requirements can also be applied for the 30dBm (i.e. power class 2) Relay access link. In order to achieve some progress, it was agreed that the local area requirements in TS36.141 shall only apply for power chass 1 for access link at that time. 
As we know, the transmitter spurious emissions reqirements for Relay access link were based on TS36.104 and there are four following requirements are defined. Here we only focus on Relay access link power class 2 and give some reasons/information to explain why the local area requirements of TS36.141 can also be applied for the 30dBm (i.e. power class 2) Relay access link. Actually, it is not distinguish access link power class 1 and power class 2 for spurious emissions reqirements in TS36.116.
1. Mandatory requirement
The mandatory requirements of spurious emission are defined according to the ITU-R recommendation SM.329 and are independent of the type of transmitter considered. 
2.  Protection of Relay access link receiver
The maximum level for spurious emission level for protection of Relay access link receiver is calculated by the following equation,
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Where the MCL is assumed 30dB and the -7 means the interferer should be 7 dB below noise floor, corresponding to 0.8 dB desensitization. Therefore, the maximum_level is based on the value of NF.

From the discussion in [5], the value of NF for Relay access link power class 2 was agreed as 8dB, which same with the local area LTE BS. Based on the study results in [5], the agreed paper [6] proposed that the identical requirements of “protection of Relay access link receiver” and “co-location with other Relays” should be adopted for both power classes. It means the local area LTE BS requirements can also be applied for the Relay access link power class 2.
3. Additional spurious emission
These requirements are applied for the protection of specific equipment operating in specific systems (GSM, UTRA, E-UTRA, etc.) and are independent of the type of transmitter.
4. Co-location with other Relays
Same with the protection of Relay access link receiver requirements above.

As we can see that only the requirement of “protection of Relay access link receiver” and “co-location with other Relays” are dependent of the type of transmitter. Based on analysis in bullet 2, the local area requirements of clause 6.6.4.5 of TS 36.141 can also apply for access link power class 2.
Proposal 3: For the transmitter spurious emission test requirements, the local area requirements of clause 6.6.4.5 of TS 36.141 can also be applied for access link power class 2.
3
Conclusions
In this contribution, we gave discussions on some Relay transmitter requirements such as backhaul link OFF power, time alignment between different branches and Transmitter spurious emissions. The proposals are:

Proposal 1: The minimum requirement and the test requirement for backhaul link OFF power should be introduced into TS.36.116 and TS36.117, respectively.
Proposal 2: Change the title of “time alignment between different branches” to “Time alignment error” to avoid the misalignment among the specifications
Proposal 3: For the transmitter spurious emission test requirements, the local area requirements of clause 6.6.4.5 of TS 36.141 can also be applied for access link power class 2.
In addition, this contribution is also served as background information for the CRs [1] [2] submitted in this meeting to correct those Relay transmitter requirements mentioned above.
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