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1 Introduction
During the previous RAN4 meetings, the discussion on defining multi-carrier and multi-technology requirements within 3GPP was initiated and a new informative guideline for limited scenarios was presented and agreed [1,2]. Due to the complexity of the issue when handling requirements for multiple bandwidths and Radio Access technologies (RAT), this paper intends to bring up some of the issues and propose a way forward to ensure that such requirements are properly considered for all scenarios.
2 Discussion 
During RAN4 #47 and RAN4 #47bis, a number of papers on multi-carrier and multi-RAT were presented. The agreed proposal for unwanted emission in an informative Annex [1,2] covers LTE bandwidths equal to or larger than 5 MHz and UTRA FDD mode only. A generic approach involving all LTE bandwidths, UTRA as well as GSM will require careful consideration and should not only cover the transmitter requirements but also the receiver.

In this context, there is also a need to address the multi-carrier and multi-RAT requirements from a regulatory point of view. This includes considerations for Japan and the latest EU decision on WAPECS that introduce Block Edge requirements and technology neutrality. US FCC rules already embrace the technology neutrality and limits related to license block edges. In Europe, ECC is also reviewing the Recommendation on Unwanted Emissions (ECC Rec 74-01) and considerations for multi-carrier and multi-RAT may be a part of that review. 
Also, the latest technology trend is to develop generic base-stations both for FDD and TDD handling various access technologies to support smooth migration and efficient re-use of the HW during the migration.

In FDD mode, GSM, WCDMA and LTE FDD could operate simultaneously, while in TDD mode, UTRA TDD, LTE TDD and TD-SCMMA could operate simultaneously as shown in Figure 1. Each technology has requirements today for stand-alone operation in the respective specifications, but no requirements cover scenarios when a common radio resource is used for multiple technologies. An effort would be required to create a proper specification for equipment handling multiple carriers and RATs.    
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Figure 1 Multi RAT FDD / TDD BS

Since there are a number of technologies involved and due to the complexity of deriving harmonized requirements satisfying different technologies and combination of technologies, we propose to create a new work item for Release 9 both in RAN and GERAN. 

Considering the structure of existing specifications for 3GPP technologies, there are two types of requirements. One set of requirements covers the base-band performance and the other covers the RF performance of the BS Transmission and Reception. The two types of requirements are independently specified in today’s RAN and GERAN specifications [3,4,5,6]
. We would propose to focus the WI on creating a new generic radio specification (RF part only) TS XX.YYY for Multi Standard Radio (MSR) base stations covering UTRA, GSM and LTE both for FDD and TDD mode (see Figure 2) and re-use the document structure of TS 36.104. The new specification would not contain Baseband requirements. Existing RF specifications would remain and be applicable within their current scope.
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Figure 2 Proposed way forward for MSR specification and its application.
The proposed way forward results in a generic set of radio requirements, which in combination with the base-band related requirements from the existing specifications creates proper requirements for both stand-alone technologies as well as when technologies are deployed simultaneously. The WI can be limited to WG4 within RAN and WG1 within GERAN and would not pose any changes in the corresponding UE or RRM requirements.

Below, there are a number of challenges listed that need to be investigated. These points indicate that without a proper generic MSR specification, the RF and regulatory performance requirements would be undefined which may cause confusion within the industry.  

2.1 Multi carrier aspects for E-UTRA
Due to E-UTRA flexible bandwidths, a large number of combinations are possible which must be considered when defining requirements. 

Taking into account the combination of e.g. LTE 15 MHz carrier bandwidth with LTE 1.4 MHz bandwidth, the guard towards the edge would differ significantly between the two edges as shown in Figure 3. In this example the power spectral density is kept constant.
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Figure 3 Combination of 15 MHz and 1.4 MHz LTE assuming constant power spectral density.
Assuming the agreed informative approach where the mask for each bandwidth applies on the respective edge, the requirements at the 1.4 MHz edge are more stringent compared to the 15 MHz edge seen from same broadband transmitter.

Assuming that each carrier would have the same power, the scenario becomes even more complicated for the transmitter at the 1.4 MHz carrier edge as shown in Figure 4.
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Figure 4 Combination of 15 MHz and 1.4 MHz LTE assuming constant power per carrier.
It is not clear how the rated power should be defined when having multiple carriers with various power or power spectral density levels. Multi-carrier scenarios based on bandwidths of 5 MHz or larger is simpler, since the spectrum emission mask for bandwidths equal to 5 MHz or larger is the same. These scenarios are however not sufficient to formulate general multi-carrier requirements in RAN4.

It is also not clear whether the requirements should apply from the edge of the carrier, or if RAN4 should consider a spectrum block /license block of a certain size and apply limits from the edge of this block rather than the carrier. Taking the block edge approach would completely change the RAN4 approach in terms of defining the requirements, but might be more easily adapted towards regulatory and license conditions in many regions, such as FCC or WAPECS within EU.

The same scenarios also apply for the receiver requirements as well and need to be carefully considered. 

2.2 Multi-RAT/Multi-Standard aspects

Similar ambiguities as for multi-carrier occur when multi-RAT (multi-standard) is concerned. Considering a combination of LTE /GSM and LTE / UMTS (5 MHz) transmissions as in Figure 5, the power definition, guard issues etc. are currently unclear and need to be addressed. The situation is similar for receiver requirements.
For Multi-standard, the need for a generic MSR specification becomes more obvious since a specification for a certain technology can not put requirements on another technology when two or more technologies operate simultaneously. This is a problem that can be solved by a generic MSR specification where both RAN and GERAN are involved and contribute to common limits and requirements.
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Figure 5 LTE/GSM and LTE/UMTS combination for same power per carrier and same PSD
3 Conclusions

Currently, there are no BS requirements handling the more complex multi-carrier /multi-standard scenarios. As described in this paper, due to a new regulatory situation and the latest technology trend, a way forward for handling multi-carrier, multi-standard Base Stations is proposed. Due to the complexity of the issue, we propose a Rel-9 work item (both in RAN and GERAN) with focus on creating a new generic radio specification accommodating UTRA, GSM and E-UTRA, covering both FDD and TDD modes.

We also propose to limit the scope of work item to only RF parts and re-use the existing base-band performance parts of the existing specification.
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� Note that the GERAN specification TS 45.005 [6] covers both BS and MS.
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