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1. Introduction

The current status of the discussions in RAN4 regarding “Out-of-band emission” is summarized in [1]. Contribution [5] provided a concise summary regarding definition of OOB, OOB limits in 3GPP specifications and ITU recommendations, the regulatory context for OOB and the use of various OOB concepts (SEM, ACLR) in ECC, ITU and 3GPP co-existence studies. None of this will be repeated here.
There are currently 2 proposals for specifying Out-of-band (OOB) emission limits for the BS: ASSL [4] and SEM [2,3]. A modified variant of an earlier proposal in [6] will be reviewed here as well.
2. Discussion of E-UTRA OOB emission limits for the BS
It was proposed in [4] to use Adjacent Subcarrier Set Leakage (ASSL) as a requirement for OOB for the BS. ASSL as defined in [4] is the ratio between the power per active resource block and the adjacent channel power leakage measured per resource block. The complete proposal is copied into Appendix A. We will refer to this proposal in the following under “ASSL#1”.
The earlier proposal in [6] defined ASSL as the ratio between the total BS TX power and the adjacent channel power leakage measured in 1.25 MHz. Let’s modify this proposal by also assuming a resource block as the measurement BW for adjacent channel power leakage. We will refer to this modified proposal in the following under “ASSL#2”.
A couple of observations regarding the “ASSL#1” proposal in [4]:
1. it’s not quite clear how the mean power per sub carrier set  (= RB) is to be understood, considering that RBs may have power offsets. Does mean power refer to time averaging and/or to averaging across (active) RBs ? Or is the intention to use the max/min power of active RBs ?
2. The ACLR in UTRA leads to proportionally lower adjacent channel power leakage when the BS uses less RR (power, codes). This is not the case for “ASSL#1” when assuming that an E-UTRA BS uses a constant TX power per RB
: the ASSL adjacent channel power leakage limits will be exactly the same no matter if only one or all RBs are used. Hence it does not constitute any better “relative” measure of adjacent channel leakage than the SEM does. 

3. The ASSL leakage limit depends on any RB power offsets present in the system (“DL PC”) which is undesirable.
Regarding aspect 2., Fig. 1 shows the PSDs after clipping and ideal PD PA for a 5 MHz E-UTRA BS with 43 dBm maximum TX power (all 12 RBs active). The PA operating point has been chosen so as to meet the UTRA SEM under this condition. 

We can read from Fig. 1 that the ASSL#1 would be around ~48 dBc or at ~ -16 dBm/375kHz for the indicated 1st adjacent victim RB. When only every 2nd RB is in use (6 RBs, total BS power 40.4 dBm) as shown in Fig. 2, the adjacent channel power leakage should be reduced
, however, the ASSL#1 requirement does not track this, but stays at the same level of 48 dBc (-16 dBm/375kHz).
The original “ASSL#2” proposal is better suited to capture the reduced leakage power as here the reference to the total BS power is made; in this example the absolute ASSL#2 requirement would decrease by 2.56 dB.
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Fig. 1. 12 equal power RBs in use at maximum TX power (43 dBm)
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Fig. 2. 6 equal power RBs in use (40.4 dBm)
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Fig. 3. 1 RB at the band edge with +10 dB power offset (42.6 dBm)
Fig. 3 shows how the absolute ASSL#1 leakage limit depends on any RB power offsets present in the system, in this example +10 dB. The ASSL#1 leakage limit has now increased by 10 dB to -6 dBm/375kHz (48 dBc) for the indicated 1st adjacent victim RB. As the PO’s used in the system are likely subject to RNP parameters, this would make the ASSL#1 leakage limits hard to predict which is undesirable from the perspective of regulation and co-existence studies.

Table 1. provides a comparison for the BS of ASSL with SEM for some of the aspects mentioned in [5]
	
	Issue
	ASSL#1

ASSL#2
	SEM

	1
	Clearly predictable OOB limits, regardless of the details of RB allocations, RB power offsets,  localised vs. distributed RB, etc (desirable for regulators and co-existence studies)
	ASSL#1: No, OOB limit depends e.g. on used RB power offsets
ASSL#2: Yes
	Yes

	2
	Is the MBW used in the OOB limit dependent on E-UTRA RRM related concepts/numerology?
	Yes, MBW = PRB size (which may change as specifications evolve or may differ for certain specifically optimised BW options)
	No, MBW can be set generically according to regulatory requirements

	3
	Allows to derive the ACLR for a variety of victim system technologies (GSM, cdma2000, UTRA, E-UTRA, etc.) deployed at certain system dependent frequency offsets (desirable for co-existence studies)
	Approximately, due to the 375 kHz MBW granularity
	Yes, from integration of SEM

	4
	Is it straightforward to include FCC Title47, part 24 requirements?
	No, additional OOB requirements will be needed to cover the US bands. 
	Yes, same methods as for UTRA can be used to include FCC limits into SEM. FCC limits, however, depend on the occupied E-UTRA BW

	5
	Is it straightforward to define OOB requirements for mixed UTRA / E-UTRA carrier combinations (e.g. 5 MHz UTRA + 5 MHz E-UTRA)
	No, ASSL makes explicit reference to E-UTRA RB concepts
	Yes, but the general issue of how to define OOB domain for multi-carriers with different BW remains

	6
	Can we capture absolute OOB limit requirement for BS with output power > 43 dBm as for UTRA?
	No. ASSL is a relative concept. Additional OOB requirements will be needed.
	Yes, same as for UTRA

	7
	Can we capture that the OOB limit should be set relative to the BS TX power (similar to UTRA ACLR)?
	ASSL#1: only partially, see the above discussion. 
ASSL#2: Yes
	ACLR can be partially reflected by setting SEM requirements relative to a set of maximum BS TX powers as done for UTRA

	8
	Allows making UTRA-style ACLR requirement redundant?
	ASSL#1: No. 

ASSL#2: Yes
	Perhaps, if the granularity of the defined maximum BS TX powers in SEM requirement is fine enough

	9
	Is a good candidate for a single OOB requirement?
	No
	Yes (?)

	10
	Definition of the transition between OOB and spurious domain
	Same issue


Table 1. Comparison of ASSL with SEM for the BS
3. Conclusion

Based on this analysis is seems that the ASSL#1 proposal in [4] doesn’t really offer any advantages over SEM in terms of specifying a relative behaviour of leakage power. If RAN4 believes that a relative requirement reminiscent of the UTRA ACLR is needed, we suggest to take the ASSL#2 proposal in [6] as a starting point.
If minimisation of the number of different OOB requirements is intended, it appears that the SEM is the best starting point, even though it has some drawbacks. One goal could then be to integrate also the FCC requirements (together with the inputs from E-UTRA co-existence studies) into the SEM as done for UTRA.
We propose to base further work on E-UTRA OOB requirements for the BS on a SEM concept and add the ASSL#2 proposal in [6] in case a truly relative measurement would become necessary. In any case, further inputs from the various regions regarding regulatory constraints are required in order to make progress in this area, as the SEM is, as of today, only a regional requirement.
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Appendix A: Proposed ASSL requirement (copied from [4])

Proposed Base station ASSL requirement 

Adjacent Sub carrier Set Leakage (ASSL) is the ratio of the mean power per sub carrier set  (= RB) on the supported regulatory BW to the mean power on any sub carrier set on adjacent channel frequencies. The requirement shall be fulfilled with a full complement of transceivers for the configuration and with any supported regulatory BW and any resource block allocation.

Minimum requirement

The ASSL shall be higher than the value specified in Table 3.2.

Table 3.2: BS ASSL

	Frequency offset of measurement filter centre frequency below the edge of the supported regulatory BW and above the edge of the supported regulatory BW. 
	ASSL limit
	Measurement bandwidth

	0.1875 – X MHz
	TBD dB
	375 kHz

	…
	…
	…

	Y – 9.8125 MHz
	TBD dB
	375 kHz



























































� i.e. we ignore power offsets for the moment


� The BS noise floor has not been modelled
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