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1. Introduction
In this paper we continue the discussion in [1,2,4] on issues related to specifying MSR operating band unwanted emissions.
The same terminology as proposed in [1,2] is used throughout this paper, in particular:
Band category 1a, <1GHz, no GSM

Band category 1b, >1GHz, no GSM

Band category 2a, <1GHz, with GSM

Band category 2b, >1GHz, with GSM

Upper RF bandwidth edge 
FBW RF,high    
Lower RF bandwidth edge 
FBW RF,low  
RF bandwidth, BWRF  
The RF bandwidth in which a Base Station transmits and receives multiple carriers and/or RATs simultaneously,  BWRF = FBW RF,high – FBW RF,low. 
Foffset, RAT 

Frequency offset from FC,high to the upper  RF bandwidth edge or FC,low to the lower RF bandwidth edge for a specific RAT. 
Fig. 1 illustrates the used terms and shows a hypothetical MSR unwanted emission mask (UEM) in relation to the RF bandwidth.
Fig. 1. MSR unwanted emission mask in relation to the RF bandwidth 
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2. Discussion
We consider in the following a number of aspects relevant for choosing a concept for MSR operating band unwanted emissions for Band categories 1 and 2.
2.1 Definition of “unwanted emissions”
“Unwanted emissions” can be divided into “Out-of-band emission” and “Spurious emissions”, see TR36.804:
Out-of-band emission = Emission on a frequency or frequencies immediately outside the necessary bandwidth which results from the modulation process, but excluding spurious emissions.

Spurious emission = Emission on a frequency, or frequencies, which are outside the necessary bandwidth and the level of which may be reduced without affecting the corresponding transmission of information. Spurious emissions include harmonic emissions, parasitic emissions, intermodulation products and frequency conversion products but exclude out-of-band emissions.

Unwanted emissions = Consist of spurious emissions and out-of-band emissions.

These terms, using the notion of necessary bandwidth, are in line with ITU-R recommendations such as SM.329 [6] and related regional regulatory requirements as e.g. in [5]. TS 25.104 uses these concepts explicitly, TS 36.104 uses combined “Unwanted emission” requirements within the operating band and covers the spurious domain requirements implicitly. The corresponding requirements in TS 45.005 use different concepts and cannot be easily partitioned into OOB / spurious domain in the above sense.
For multi-carrier configurations of identical BW, TS 25.104 and 36.104 assume for necessary bandwidth the single carrier channel BW. For a multi-carrier E-UTRA BS transmitting a group of carriers of different channel bandwidths TS 36.104 does not contain any normative requirements. For a MSR BS, supporting a wide range of simultaneously active channel BWs, the question what one shall assume for necessary bandwidth is not entirely clear. SM.329 contains the following text, which is, however, not incorporated into [5]:
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A plausible alternative could be to use the RF bandwidth, BWRF , hence we feel that some clarifications in this area would be beneficial. For the time being, we propose to use the term “Unwanted emissions” in the general sense, i.e. without the underlying distinction into OOB / spurious domain in the above sense.
2.2 Principles for specifying operating band unwanted emissions 
The following aspects need to be considered when choosing the principles for specifying operating band unwanted emissions:
1) BS classes, BS maximum output power
2) Absolute vs. relative operating band unwanted emission requirements
3) Single vs. multiple overlapping unwanted emission requirements across certain frequency ranges of the downlink operating band
4) Measurement concepts, MBW
5) Demarcation between “inside” and “outside” of the downlink operating band 
Regarding 1), we note that TS 45.005 and 25.104 have unwanted emission requirements which depend on the BS class and/or output power while TS 36.104 contains only “general purpose BS” requirements (i.e. no BS classes are defined) and which do not depend on the BS maximum output power. As there will be already a large set of MSR BS configuations in terms of active RATs, # of active carriers and RF channel bandwidths it might be beneficial to focus on unwanted emission requirements for the “general purpose BS” and furthermore, on requirements which do not depend either on the BS maximum output power nor on specific power allocations among the RATs and/or carriers.
Regarding 2), we note that TS 45.005, 25.104 and 36.104 all use a mix of absolute as well as unwanted emission requirements relative (GSM: modulation spectrum, WBN, intermodulation, UTRA/E-UTRA: ACLR). Relative requirements must make assumptions about aggressing carrier channel BW as well as the presumable victim channel BW and become cumbersome in light of the many possible aggressor / victim carrier/RAT combinations. 
Another issue is that some of the relative requirements say e.g. the 3rd order intermodulation requirements in TS 45.005 are explicitly built around the 200 kHz channel concepts, i.e. measured on 3rd order intermodulation frequencies and adjacent channels (+/- 200 kHz). Now with MSR multi-RAT TX, 3rd order intermodulation products can be spectrally widened when mixing a GSM and a wideband carrier and hence 200 kHz based relative intermodulation requirements loose their meaning. 
Finally, regulatory requirements in [5,6,7] are absolute and easier to align with when the unwanted emission requirements are also defined as absolute limits. All in all, this suggests aiming at MSR unwanted emission requirements based on absolute limits only. This may be done in form of an operating band unwanted emission mask (UEM), a notion that differs from the spectrum emission mask (SEM) of TS 25.104 which applies only to single carrier TX and only in some regions.
Regarding 3), we note that TS 45.005, 25.104 and 36.104 have in decreasing order a certain amount of overlapping operating band unwanted emission requirements. E.g. the UTRA SEM overlaps with both, the ACLR and spurious requirements. Also TS 45.005 contains multiple requirements, reflecting the various TX impairments, which overlap within the same frequency range. From a specification transparency and reduced testing effort point of view it would be beneficial to minimise any overlap, i.e. to only specify operating band unwanted emission mask (UEM) for the MSR BS.
Regarding 4) we note that TS 45.005, 25.104 and 36.104 use a variety of MBW (30, 100, 300, 1000 kHz). In order to prevent leakage, a small MBW is needed when measuring close to a carrier with high-PSD (GSM, 1.4 MHz E-UTRA, etc). Another aspect is the granularity of presumable victim channel BW, which may be in the order of 200 kHz (GSM, 1 RB in E-UTRA). Hence for MSR operating band unwanted emissions {30, 100 kHz} MBW may be chosen as a starting point for the discussion.
Regarding 5) we note that TS 45.005, 25.104 and 36.104 extend unwanted emission limits up to 10 MHz outside the downlink operating band. For MSR, operating band unwanted emissions may also be defined in the downlink operating band plus the frequency ranges 10 MHz above and 10 MHz below the band. Unwanted emissions outside of this frequency range can be limited by a spurious emissions requirement.
2.3 RF scenarios and MSR RF bandwidth related parameters
We continue the discussion in [2] on MSR RF bandwidth related parameters, see also Fig. 1.
The channel edge within the E-UTRA (UTRA) specifications can be assumed to coincide with the license block edge of uncoordinated 3GPP systems (or other systems adjacent to the operating band). This is a worst-case from an interference point of view and gives the operator the assurance that no additional guard bands need to be reserved to facilitate mutual co-existence of same-band uncoordinated systems.
Furthermore, additional FCC requirements, applicable at the license block edge [7], are also included within the E-UTRA (UTRA) specifications, however, formulated in reference to the channel edge. This is a worst-case from a BS implementation point of view and gives the operator the assurance that no additional guard bands need to be reserved to facilitate compliance with such regulatory requirements. A slightly different case is the Block Edge Mask (BEM) regulatory requirement as per [9], applicable to license block edges within Band 7. This BEM is an EIRP requirement as well as a requirement on all aggregated unwanted emissions (i.e. from possibly multiple BS) originating from a certain license block and as such cannot be mapped 1-to-1 to conducted unwanted emission requirements for a single BS.
It seems natural to assume for the MSR RF bandwidth edges (FBW RF,high and FBW RF,low) the same role, i.e. to serve as the demarcation frequency between uncoordinated operators and as a frequency reference point for additional license block edge related regulatory requirements (FCC or BEM), in case such requirements are elected to be part of the MSR specifications. In any case, the MSR operating band unwanted emission mask (UEM) would start above the upper and below the lower RF bandwidth edges located at FBW RF,high and FBW RF,low, see Fig. 1. 
2.4 Trade-off Foffset, RAT vs. edge of UEM

We continue the discussion in [2] on Foffset, RAT , see also Fig. 1. Reference [2] indicated already that if the MSR scenarios were to include the RF scenarios of the existing uncoordinated RAT specifications, one would end up with the following values for Foffset, RAT:
Table 1. Scenario values for Foffset, RAT
	RAT
	Foffset, RAT

	E-UTRA
	[BWChannel/2]

	UTRA
	[2.5 MHz]

	GSM
	[200 kHz]


To see this, take the example of 5 MHz E-UTRA (or UTRA) adjacent to un-coordinated 5 MHz E-UTRA (or UTRA) with 5 MHz carrier frequency separation which is supported by the E-UTRA (UTRA) BS and UE specifications. Hence, larger values for Foffset, RAT, this is to say the addition of an implicit guard band within the MSR RF bandwidth, may not cover all RF scenarios supported by the existing RAT specifications, and furthermore, would lead to the situation that the MSR BS specifications would not be aligned any longer with the corresponding UE specifications, nor with the existing single RAT BS specifications.
On the other hand, the values for Foffset, RAT in Table 1 are expected to complicate the definition of a generic unwanted emission mask (UEM), applicable to any multi-RAT configuration within the MSR RF bandwidth. In particular, narrowband / high PSD carriers (GSM, 1.4 and 3 MHz E-UTRA) at the RF bandwidth edge are likely to require higher allowed unwanted emissions at the start of the UEM, which is region 1 in Fig.1. E.g. the GSM spectrum due to modulation at 200 kHz offset from carrier centre is 30 dBc/30 kHz which would lead to (much) higher absolute levels than e.g. allowed by either the existing UTRA or E-UTRA unwanted emission masks. This can be also seen from the E-UTRA emission masks (similar for the related FCC requirements) which allow higher absolute limits for the narrower E-UTRA channel bandwidths (1.4 and 3 MHz E-UTRA).
In conclusion, the trade-off of the values for Foffset, RAT  in Table 1 against proposals for the MSR unwanted emission mask (and RX requirements) needs to be carefully assessed within RAN4;  hence, we suggest leaving all values as TBD for the moment.

2.5 Dependency of the UEM on the multi-RAT configuration within the RF bandwidth
This aspect is partially related to Foffset, RAT  as per the discussion in previous section.

Ideally there would be a generic MSR UEM emission covering all multi-RAT configurations within the RF bandwidth. This would be reasonable as the TX requirements should be driven by the requirements for victim system protection and not by the internal MSR BS configuration within the RF bandwidth. This would also be more in line with recent trends in “technology neutral” regulation such as BEM [9] which aim at a predictable behaviour of unwanted emissions regardless of the deployed system(s). However, we noted already in 2.1 that the current regulatory requirements [5,6,7] may make references to the specific RAT carrier configurations within the RF bandwidth (location FBW RF,high, channel BW,…) and thus defeat this goal.
It can be noted from the unwanted emission requirements in TS 36.104 that a channel BW agnostic UEM was not attained. The reasons were primarily compliance with ITU SM.329 Cat A & B [6] and the related 74-01 [5] requirements necessitating the UEM regions corresponding to regions 1 and 2 in Fig.1 to become, to some extent, channel BW dependent. The other issue were the higher absolute emissions from 1.4, 3 MHz E-UTRA at the start of the UEM (corresponding to region 1 in Fig.1) due to higher PSD and more stringent spectrum shaping requirements. For GSM, with a small Foffset, GSM there will be similar issues as already pointed out in the previous section. Dissimilar requirements corresponding to region 1 in Fig.1, i.e. those related to edge carrier modulation spectrum and PSD could be tackled by increasing Foffset, RAT , albeit with the other disadvantages mentioned in the previous section.
A related concept in TS36.104, Annex F is that for a multi-carrier BS transmitting a group of carriers of E-UTRA of different channel bandwidths (≥5 MHz orUTRA,) the RAT being used on the outermost carriers should be considered for ACLR and Operating band unwanted emission requirements. That is, the corresponding requirements for the RAT being used on each of the outermost carriers should be applied at the respective side of the group of transmitted carriers. We don’t think that a similar approach would be feasible for Band category 2 with outermost GSM carriers: the resulting WBN requirement would be too stringent and not taking the spectral widening of 3rd order intermodulation products for a mixed RAT-scenarios into account.
2.6 Specific UEM for each Band category (1 vs. 2) ?
Ideally there would be a generic MSR operating band unwanted emission mask covering both Band categories, however, it was already pointed out in [1] that implementing Band category 2 requirements (in terms of TX linearity, WBN floor,…) may turn out to be more costly than those needed for Band category 1. Relevant aspects for RAN4 to look at are requirements for same-band co-existence involving GSM systems and regulatory requirements related to GSM impacting the MSR UEM around point 2 in Fig.1.
2.7 Specific UEM for Bands below/above 1 GHz ?

TS 25.104 and 36.104 contain operating band unwanted emission requirements which are specific for bands below / above 1 GHz. This is essentially a consequence of aligning with SM.329 [6] and 74-01 [5] limits which make this distinction, for both, Cat A and B spurious emission limits. The limits for bands < 1 GHz are in order of 10 dB higher than for bands > 1 GHz. However, note that the identical UTRA / E-UTRA ACLR requirements render this difference less important in practice. The UTRA SEM neither makes this distinction (and is closer to the > 1 GHz spurious limits), however, it applies only to single carrier TX and only in some regions.
From a MSR specification point of view we don’t see any difficulties to have two sets of operating band unwanted emission masks (UEM) specifically for bands below/above 1 GHz – this affects mainly region 3 of the UEM in Fig.1. However, if relative unwanted emission requirements (such as ACLR) are dropped for MSR as suggested in Section 2.2, then requirements to ensure same-band and adjacent-band co-existence may become a concern for bands < 1 GHz, especially for Cat A derived limits. In this case, it might be better to use for the UEM the > 1 GHz, Cat B, i.e. the most stringent spurious limits, as a baseline for all cases.
2.8 How to reflect regulatory requirements in the UEM ?

The following regulatory requirements should be considered for MSR operating band unwanted emission requirements:
1) ITU SM.329 Cat A & B [6] and the related 74-01 [5,8] requirements
2) FCC license block edge requirements such as [7]
As stated for the reasons in Section 2.3, the Block Edge Mask (BEM) regulatory requirement as per [9] may not be a good candidate to be included within the MSR specifications.

Regarding 1), these requirements are generally included within the TX requirements of TS 45.005, 25.104 and 36.104. They are also a good candidate to be included within the MSR UEM, but here some clarifications on the necessary bandwidth and interpretation of these limits may be helpful as discussed under 2.1. This will affect mainly point 2 and region 3 of the UEM in Fig.1. Regarding the need to explicitly distinguish within the UEM between Cat A vs. B derived limits, the observations of Section 2.7 w.r.t. co-existence apply.
Regarding 2), these requirements are not explicitly included within the TX requirements of TS 45.005, partially included in 25.104 (i.e. they are part of the (single carrier) SEM) and included as additional requirements in 36.104 for all BS configurations. Within the 1st MHz offset from the license block edge, the FCC requirements are not channel BW agnostic as can be seen from TS 36.104, and multi-carrier and multi-RAT scenarios will further complicate the matter in terms of interpretation. Hence, integration of the FCC requirements into the MSR UEM (as done for UTRA) is likely to run counter the goal of having as few and generic UEMs as possible. We would recommend to leave the FCC requirements either out of the MSR specifications or to have them as additional requirements similar to TS 36.104.
2.9 Single RAT configurations
As pointed out already in [1], we have not yet reached recommendations regarding applicability of the MSR TX requirements for single RAT configurations. There may be some benefits in applying the MSR specification as well for single-RAT configurations. It might be beneficial to study and compare any draft MSR TX (and RX) specifications against the existing RAT specifications e.g. in terms of co-existence and implementation complexity in order to reach a conclusion on this issue.
2.10 Summary of the proposed principles for MSR operating band unwanted emissions
To summarize the above discussion we propose the following principles for specifying MSR operating band unwanted emissions for Band categories 1 and 2:

1) MSR RF bandwidth edges (FBW RF,high and FBW RF,low) serve as the demarcation frequency between uncoordinated operators and as a frequency reference point for additional e.g. license block edge related regulatory requirements
2) Unwanted emission requirements are based on absolute limits only and are specified in form of an operating band unwanted emission mask. 
3) The operating band unwanted emission mask would start above the upper and below the lower RF bandwidth edges located at FBW RF,high and FBW RF,low and shall apply within the downlink operating band plus the frequency ranges 10 MHz above and 10 MHz below the band. Unwanted emissions outside of this frequency range shall be limited by a spurious emissions requirement.
4) The operating band unwanted emission mask utilises MBW in the range of 30 … 100 kHz. 

5) The same operating band unwanted emission mask shall apply for bands below and above 1 GHz and without distinguishing between ITU Cat A vs B limits. Hence, the most stringent spurious limits (i.e. according  to > 1 GHz, Cat B), should be used to derive the unwanted emission mask

We have identified the following key trade-off requiring decision in order to make progress:

1) Values of Foffset, RAT in line with current RF scenarios (i.e. no additional implicit guard band within the MSR RF bandwidth) will either complicate the definition of a generic unwanted emission mask or may require relaxation of a generic unwanted emission mask e.g. along the lines of existing single-RAT specifications
2) Increased values for Foffset, RAT, (i.e. additional implicit guard band within the MSR RF bandwidth) results in the MSR BS specifications not to be aligned any longer with the corresponding UE specifications, nor with the existing single RAT BS specifications
3) How to reflect the FCC requirements within the MSR specifications
3. Conclusions

This paper considered a number of aspects relevant for choosing a concept for MSR operating band unwanted emissions.
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