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1. Introduction
In this contribution we continue the discussion in [1] on specifying MSR operating band unwanted emissions for Band Category 2. For Band Category 1 a detailed TP can be found in [10].
We propose for RAN4 to discuss and agree the principles for specifying MSR operating band unwanted emissions for Band Category 2. Upon agreement, RAN4 may wish to inform TSG GERAN and invite feedback.
Table 1 shows the supported E-UTRA Channel BW options for Category 2 DL Bands (refer to TS36.101 and [4]):
[image: image2.wmf]1

2

3

1

2

3

Table 1. Supported E-UTRA Channel BW for Category 1 DL Bands
Throughout this paper we use the agreed MSR terminology from [3] which is summarized in Fig. 1, in particular: 
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
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. 
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Fig. 1. MSR unwanted emission mask in relation to the RF bandwidth 
2. Discussion
In [1] we proposed a number of principles for specifying MSR operating band unwanted emissions for Band Categories 1 and 2. Here we continue this discussion specifically for Band Category 2. For Band Category 1, the principles discussed in [1] were already used in deriving the detailed proposal in [10]. We believe that essentially the same set of principles can (and should) be used for both Band Categories.
2.1 Proposed principles for MSR operating band unwanted emissions
The following principles are recommended for deriving the MSR operating band unwanted emissions for Band Category 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 license block edge related regulatory requirements. Operating band unwanted emission requirements would start above the upper and below the lower RF bandwidth edges located at FBW RF,high and FBW RF,low.
Rationale: The channel edge within the E-UTRA (UTRA) specifications are assumed to coincide with the license block edge of uncoordinated 3GPP systems. 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 3GPP 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. 
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 (i.e. FCC Title 47 emission limits). 

While TS45.005 uses different concepts for specifying OOB limits and in particular, has no defined analogue to the E-UTRA (UTRA) channel edge, we believe the above principle is also meaningful for RF scenarios involving uncoordinated GSM systems.
2) The values for Foffset, RAT to be applied for operating band unwanted emission requirements for Band Category 2 shall be as per Table 2:
Table 2. Assumed values for Foffset, RAT, Band Category 2
	RAT
	Foffset, RAT

	E-UTRA
	[BWChannel/2]

	UTRA
	[2.5 MHz]

	GSM
	[200 kHz]


Rationale: From Table 1 we can see that in addition to GSM the support of the E-UTRA narrow band options (1.4, 3 MHz) for Category 2 bands is important. Hence, Foffset, RAT should be optimized for Bands of Category 2 and implicit guard band within the MSR RF bandwidth should be avoided also for the narrowband / high PSD carriers (GSM, 1.4 and 3 MHz E-UTRA).
Indeed, the values for Foffset, RAT as per Table 2 are required if the MSR scenarios were to include the uncoordinated RF scenarios of the existing RAT specifications. To see this, take the example of 1.4 MHz E-UTRA adjacent to un-coordinated 1.4 MHz E-UTRA with 1.4 MHz carrier frequency separation which is supported by the E-UTRA BS and UE specifications. Also the 200 kHz offset for GSM towards the license block edge is in line with existing GSM deployment scenarios.

Hence, larger values for Foffset, RAT, this is to say the addition of an implicit guard band within the MSR RF bandwidth, will 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 above values for Foffset, RAT in Table 2 for narrowband / high PSD carriers (GSM, 1.4 and 3 MHz E-UTRA) are expected to impact the emission limits just above (below) the RF bandwidth edge (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, unless larger power reduction of edge carriers were to be included within the MSR specifications. This can be also seen from the E-UTRA emission masks which allow higher absolute limits for the narrower E-UTRA channel bandwidths (1.4 and 3 MHz E-UTRA), the same holds for the related FCC requirements. 
3) Operating band unwanted emission requirements 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.
Rationale: This proposal is generally aligned with corresponding TX requirements of TS 45.005, 25.104 and 36.104.
4) Unwanted emission requirements are based on absolute limits and are specified in form of an operating band unwanted emission mask (UEM).  Overlapping relative (ACLR, IMD3) requirements should be avoided, or they could be added as additional regional requirements if necessary. 

Rationale:  TS 45.005, 25.104 and 36.104 all use a mix of absolute as well as relative unwanted emission requirements (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, leading to a potentially large testing effort for MSR BS.
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 emission limits and easier to align with when the 3GPP unwanted emission requirements are also defined as absolute limits. It should be noted that more recent CEPT “technology neutral” regulatory requirements, the Block Edge Mask (BEM) for Band 7 [9], is also based on absolute limits (albeit in form of an EIRP requirement on all aggregated unwanted emissions originating from a certain license block).

All in all, this suggests aiming at MSR unwanted emission requirements based on absolute limits. 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. Co-existence aspects with adjacent uncoordinated 3GPP systems, in particular GSM, will need to be considered when defining the MSR unwanted emission mask.
Should there be a need for additional relative requirements they could then be added in form of additional regional requirements, in a similar manner as proposed for Band Category 1 in [10].
5) Only requirements pertinent for a “general purpose BS” class are defined for MSR
6) Unwanted emission requirements shall not depend on the BS maximum output power
Rationale: 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 other 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.
7) {30, 100 kHz} MBW is proposed for the MSR unwanted emission mask for Band Category 2
Rationale: TS 45.005, 25.104 and 36.104 use a variety of MBW (30, 100, 300, 1000 kHz) for TX requirements. In order to prevent leakage, a small MBW is needed when measuring close to a narrowband carrier with high-PSD (GSM). 
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). Furthermore, Bands 5 and 8 are <1GHz where typically 100 kHz are used as MBW for emission limits. Hence for MSR operating band unwanted emissions {30, 100 kHz} MBW may be appropriate for Band Category 2.
8) ITU SM329 Category A and B limits [5] and ECC Rec. 74-01 [6] shall be considered when deriving the MSR operating band unwanted emission mask
Rationale: These regulatory requirements are generally covered 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 unwanted emission mask. However, some clarifications on the necessary bandwidth and interpretation of these limits in the context of MSR are needed as this will affect point 2 of the UEM in Fig.1. 

E-UTRA and UTRA “Unwanted emissions” are divided into “Out-of-band emission” and “Spurious emissions”:
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 [5] and related regional regulatory requirements as e.g. in [6]. 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. In fact, it is not obvious from TS 45.005 what to assume for necessary bandwidth of a single GSM carrier, or a group of carrier in the context of MCBTS.
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 clear. SM.329 [5] contains the following text, which is, however, not incorporated into [6]:
[image: image1.emf]
A plausible alternative could be to use the MSR RF bandwidth, BWRF , hence we feel that some clarifications in this area is required in order to progress the work.
SM.329 [5] and 74-01 [6] limits for bands < 1 GHz are in the order of 10 dB higher than for bands >1 GHz. However, note that the identical UTRA / E-UTRA ACLR (and GSM IMD3) requirements render this difference less important in practice. The UTRA -13 dBm/MHz SEM limit makes this distinction neither (and is closer to the > 1 GHz Cat B spurious limits), however, it applies only to single carrier TX and only in some regions. If general ACLR requirements are to be dropped for MSR as is suggested above and in [10], 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. Hence, we propose to primarily consider for the MSR UEM the more stringent SM.329 limits for bands >1 GHz, regardless of the actual DL operating band.

9) The MSR specifications shall refer to the relevant FCC emission limits, similar to the approach chosen in TS45.005.
Rationale: From Table 1 we note that FCC license block edge requirements are relevant for bands 2 and 5. The applicable FCC emission limits are specified in FCC Title 47, Part 24, subpart E, section 24.237 and Part 22, subpart H, section 22.913. 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 and multi-carrier and multi-RAT scenarios will further complicate the matter in terms of interpretation of these limits. There was a proposal in [2] to apply always the lowest FCC limit according to 20 MHz E-UTRA BW. However, we foresee this approach to be not reasonable for Bands of Category 2: take e.g. Band 5 for which only channel BW below 10 MHz are defined; mandating here the 20 MHz worst case limit will require a larger power reduction of any GSM edge carriers with Foffset, GSM  = 200 kHz than would be necessary.
We propose for both Band Categories a more flexible approach by referring to the relevant FCC limits within the MSR specifications, similar to TS45.005. This way only the most stringent FCC limit according to the declared MSR channel BWs will apply and unnecessarily stringent requirements are avoided. It also reduces the amount of BS testing as additional FCC type approval measurements need to be provided anyway.

Note, that we need to also consider Foffset, RAT under which the FCC requirements are to be met. The above values in Table 2 will require either power reduction of GSM edge carriers or an increase of Foffset, RAT; the same may also be needed for narrowband E-UTRA carriers depending on the deployment case. For GSM, the required power reduction of GSM edge carriers is declared by the vendor and not defined in TS45.005, a similar approach could be chosen for MSR as well. Further discussion is needed, whether Foffset, RAT should be fixed within the MSR specifications or whether this parameter should also be declared by the vendor.
10) A specific MSR operating band unwanted emission mask shall be defined for Band category 2
Rationale:  According to our current understanding specific UEMs will be required for each Band Category. The proposed UEM in [10] is aligned with UTRA / E-UTRA emission masks and not optimised for NB carriers (GSM, 1.4, 3 MHz E-UTRA) with a nominal Foffset, RAT. Optimizing Foffset, RAT for NB carriers will require larger values at the start of the UEM (around point 1 in Fig.1).

11) MSR specifications shall apply also for single-RAT E-UTRA as well UTRA configurations.
Rationale: For E-UTRA and UTRA we see a need in applying the MSR specification also for single-RAT configurations as the existing UTRA / E-UTRA specifications do not cater for multi-carrier configurations. For GSM single-RAT configurations there exists the alternative of applying the MCBTS specification which is inherently ‘multi-carrier’. However, it might be beneficial to await further progress on MSR TX (and RX) specifications for Band Category 2 before reaching a conclusion for GSM single-RAT configurations on this issue. 
3. Conclusions

This contribution proposed principles for specifying MSR operating band unwanted emissions for Band Category 2. If these principles are agreeable by RAN4, we suggest informing TSG GERAN via LS and inviting feedback. 
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