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1. Introduction
The Multi Standard Radio (MSR) Work Item was approved in RAN#41 [1]. The objective of the WI is to identify relevant scenarios and write a new RF requirements specification that is applicable to MSR BS with multiple carriers and/or multiple 3GPP Radio Access Technologies (RAT). 
This contribution discusses further the scenarios and band categories to progress the work in MSR WI. The scope is limited to FDD technologies. Considerations on MSR scenarios are discussed in section 2.1 and band categories in section 2.2. 
2. Discussion
In the objective of the MSR WI [1] it is mentioned that the new specification will cover RF requirements for GSM, UTRA, and E-UTRA (both FDD and TDD modes), for relevant single and multi-carrier scenarios. These scenarios were discussed further in [2] where three main scenarios were identified for the FDD modes. Scenarios are discussed further in following sections taking into account also single RAT and single carrier operation modes of the MSR BS.
2.1 MSR scenarios
Three main scenarios were proposed by [2,3] for the MSR WI :

· E-UTRA FDD multi-carrier operation

· Band Category 1: UTRA FDD and E-UTRA FDD operation 



· Band Category 2: UTRA FDD, E-UTRA FDD and GSM operation
2.1.1 Single RAT mode
Multi-carrier operation in single-RAT modes 

The aspect of multi-carrier operation in single-RAT GSM or UTRA mode is not covered by approach above. Thinking the migration scenarios from GSM to UTRA and/or E-UTRA it should be clarified how to cover multi-carrier requirements also for UTRA and GSM multi-carrier operations as stand alone mode. The operator may start deploying MSR-capable BS for single-RAT GSM or UTRA operation in order to prepare for coming migration to UTRA or E-UTRA. In later stage of the migration the complete spectrum might be allocated completely to UTRA or E-UTRA only.  

Looking the current specifications the following status can be detected for different RATs:
- In current E-UTRA specifications, a limited set of multi-carrier transmitter scenarios are covered by informative text on how to set requirements. This is limited to multi-carrier BS with contiguous carriers for 5 MHz and higher channel BW. 
=> E-UTRA FDD channel BWs less than 5 MHz and receiver requirements are currently out of the scope and should be covered by MSR WI.

- In current UTRA FDD specifications BS RF requirements are defined for both single carrier and multi-carrier BS for transmitter requirements. 
=> There is no guidance on how to interpret receiver requirements in case of multi-carrier BS.
- In current GSM specifications multi-carrier requirements are covered as MC-BTS requirements.
Single-RAT single carrier operation 
This is another possible migration scenario to be covered by the MSR WI. At some point of migration operator may want to deploy single carrier single RAT operation only. It should be clarified if the new MSR specification should cover these cases as well or just reference to existing single carrier specifications. 
In order to structure the scope of the MSR specification the single RAT applicability for single carrier and multi-carrier operations is illustrated in Table 1.

Table 1. MSR specification single RAT applicability
	RAT
	Single-carrier operation
	Multi-carrier operation

	GSM
	TBD
MC-BTS specification covers also SC operation
	TBD

MC-BTS specification not available in all bands (850/1900 MHz) targeted for MSR 

	UTRA
	TBD
UTRA only could be one migration mode
	YES
TX is covered in 25.104
RX is not covered in 25.104

	E-UTRA
	TBD

E-UTRA only could be one migration mode
	YES
TX for BW≥5MHz is covered in 36.104 by informative text
BW<5 MHz and RX are not covered in 36.104


Regarding the single RAT cases marked as ‘TBD’, we have not yet reached a final recommendation. There are some benefits in applying the MSR specification as well for all single-RAT cases. On the other hand, one might also wish to compare the draft MSR TX/RX specifications against the existing RAT specifications before reaching a conclusion on this issue. For that reason we would see it as beneficial to progress the technical work on MSR requirements to some level first and then come back to this topic.
2.1.2 Multi RAT mode

Two band categories were proposed in [3] to structure the scenarios for MSR WI. Depending on the MSR BS capability several active RATs may be in operation at the same time. Tables 2 and 3 can be derived for MSR WI applicability for band categories 1 and 2 which are discussed further in section 2.2. Tables 2 and 3 illustrates if the active RAT is applicable either in single-carrier or multi-carrier operation for the MSR specification.
Band category 1 is covering UTRA and E-UTRA operation. For this category both single and multi-carrier operations should be considered as relevant migration scenarios. MSR BS for band category 1 may cover: 

· Single carrier UTRA operation

· Single carrier E-UTRA operation

· Multi carrier UTRA operation

· Multi carrier E-UTRA operation

· Any combination of above scenarios 
The applicability of the MSR specification for band category 1 is shown in table 2.
Table 2. MSR specification multi RAT applicability for band category 1

	Active RAT
	Single-carrier operation
	Multi-carrier operation

	GSM
	NO
	NO

	UTRA
	YES
	YES

	E-UTRA
	YES
	YES


Band category 2 is covering also GSM in addition to band category 1 so the number of possible combinations is higher. Table 3 shows the applicability of the MSR WI for band category 2.
Table 3. MSR specification multi RAT applicability for band category 2

	Active RAT
	Single-carrier operation
	Multi-carrier operation

	GSM
	YES
	YES

	UTRA
	YES
	YES

	E-UTRA
	YES
	YES


Based on above mentioned reasoning it can be concluded that both single-RAT and multi-RAT operations need to be considered in MSR WI as relevant migration scenarios. The new MSR BS specification should be derived based on generic RF requirements that cover operation of all involved RATs to support different migration scenarios.
2.2 Band categories
To structure the scenarios in MSR WI it was proposed in [3] to categorize the bands into three categories:

· Band category 1: Bands for UTRA FDD and E-UTRA FDD operation

· Band category 2: Bands for UTRA FDD, E-UTRA FDD and GSM operation

· Band category 3: Bands for UTRA TDD/TD-SCDMA and E-UTRA TDD operation

For the FDD technologies in MSR WI it should be studied further if the aim is to define single set of requirements for all FDD bands or separate requirements for band categories 1 and 2 as proposed above. 
Separate requirements for different band categories have certain advantages as there are limited numbers of bands where a GSM system can operate. This will differentiate the scenarios and indicate the corresponding band dependent requirements. The possible drawback is the high amount of requirements in MSR specification. When comparing the requirements for frequency bands with and without GSM it can be seen that MC-GSM requirements are tightest ones and more costly implementation is needed than for the UTRA and E-UTRA requirements. Certain RATs and bandwidths are more sensitive to certain impairments than others supporting the need for different band categories.
The advantage of single set of requirements is the MSR specification coverage. The drawback is the MSR specification complexity. Many bands and scenarios should be covered in parallel manner making requirement harmonization and MSR specification more complicated. Possibly UTRA and E-UTRA specifications need to be tightened in frequency bands where those are not needed leading to more complex and expensive implementation in all bands. Apparently that is not desirable.  We recommend to re-visit also this aspect, once a baseline of the MSR TX/RX requirements needed for the various band categories has been established.
In addition to technology related categorization another dimension to consider is a frequency range. Quite many requirements in current specifications are derived separately for frequencies below 1 GHz and above 1 GHz. This is the case especially for the transmitter requirements as many of those have regulatory limits as background but there is also certain receiver requirements specified separately for frequency ranges. With this in mind the band categories could be extended even further to separate requirements and denote those as category (a) for frequencies below 1 GHz and category (b) for frequencies above 1 GHz.  This type of categorization is shown in Table 4 including also the new 800 MHz bands in Japan as approved in RAN#42 [4]. 
· Band category 1a, <1GHz, no GSM, 7 bands, but only 5 of those are specified for both UTRA and E-UTRA
· Band category 1b, >1GHz, no GSM, 6 bands

· Band category 2a, <1GHz, with GSM, 2 bands. Band 5 is not covered by GSM MC-BTS requirements.
· Band category 2b, >1GHz, with GSM, 2 bands. Band 2 is not covered by GSM MC-BTS requirements.
Table 4. Categorization of operating bands
	Band category
	Uplink (UL) BS receive
UE transmit
	Downlink (DL) BS transmit 
UE receive
	Band
	MSR applicability

	1a
	830 MHz
	–
	840  MHz
	875 MHz 
	–
	885 MHz
	6
	YES

	1a
	698 MHz
	–
	716 MHz
	728 MHz
	–
	746 MHz
	12
	YES

	1a
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	13
	YES

	1a
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	14
	YES

	1a
	704 MHz 
	–
	716 MHz
	734 MHz
	–
	746 MHz
	17 
	YES, but E-UTRA only

	1a
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	18
	YES, but E-UTRA only

	1a
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	19
	YES

	 
	
	
	
	
	
	
	
	

	 1b
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	1
	YES

	1b
	1710 MHz
	–
	1755 MHz 
	2110 MHz 
	–
	2155 MHz
	4
	YES

	1b
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	7
	YES

	1b
	1749.9 MHz
	–
	1784.9 MHz
	1844.9 MHz  
	–
	1879.9 MHz
	9
	YES

	1b
	1710 MHz
	–
	1770 MHz
	2110 MHz 
	–
	2170 MHz
	10
	YES

	1b
	1427.9 MHz 
	–
	1452.9 MHz
	1475.9 MHz  
	–
	1500.9 MHz
	11
	YES

	
	
	
	
	
	
	
	
	

	2a
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	5
	YES, 
Note: there is no specific GSM MC-BTS spec 

	2a
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	8
	YES

	
	
	
	
	
	
	
	
	

	2b
	1850 MHz 
	–
	1910  MHz
	1930 MHz 
	–
	1990 MHz
	2
	YES, 
Note: there is no specific GSM MC-BTS spec 

	2b
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	3
	YES


One way to structure the MSR specifications is to start with category 1 requirements as UTRA and E-UTRA requirements are quite similar. Requirements can be specified as separate requirements for band categories a and b as done today in E-UTRA specifications. As can be seen from Table 4, by identifying the requirements for band categories 1a and 1b already 13 bands out of 17 bands are covered. This can be taken as a baseline set of generic requirements for the MSR specification. 
The next step is to identify the additional requirements for band categories 2a and 2b in line with GSM related scenarios. These can be kept as modular as possible to minimize the number of additional category 2 requirements and keep the specification simpler. This can be done by minimizing the number of types of interfering signals, used offsets etc. More details on how to structure receiver requirements in this respect are presented in [5]. 
3. Conclusion

In this contribution it has been concluded the following for the MSR WI.

1) MSR scenarios
· It would be beneficial to progress the technical work on MSR requirements before concluding MSR specification single RAT applicability.

· Both single-RAT and multi-RAT operations need to be considered in MSR WI as relevant migration scenarios.

· The new MSR BS specification should be derived, as much as possible, based on generic RF requirements that cover operation of all involved RATs to support different migration scenarios.

2) Band categories

· Band categories a (<1GHz) and b (>1GHz) should be introduced. 
· Band category 1 (a and b) to be used as baseline set of generic requirements for the MSR specification as
· UTRA and E-UTRA requirements are quite similar
· band categories a and b exist already in current E-UTRA specifications
· Additional category 2 requirements should be minimized and kept as modular as possible.
· to minimize the number of additional category 2 requirements and keep the specification simpler
· additional requirements to be identified in line with GSM related scenarios.
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