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1. Introduction
A new Work Item for “Carrier Aggregation for LTE” was agreed in RAN #46 [1]. The work and time plan was proposed in [2]. 
Contribution [3] provided an initial overview of the expected changes to TS 36.104 [2] due to CA WI. 
This contribution continues the discussion in [3] by considering how to manage overlapping requirements and conformance test specifications with TS 37.104/141 (MSR).
2. Discussion

We start with the observation that requirements for intra-band contiguous CA are inherently a super-set of multi-carrier requirements. The former can be essentially obtained from the latter ones by adding TA error requirements (for TX) and by turning demodulation performance requirements into aggregate ones (for RX). Therefore, CA RF requirements and test configurations need to be evolved from the current E-UTRA multi-carrier requirements.
However, TS 36.104/141 is incomplete regards E-UTRA multi-carrier operation in the following sense:
1. there are no explicit RF requirements (or test configurations) for multi-carrier receivers

2. even though some of the unwanted emission requirements are qualified to apply whatever the type of transmitter considered (single carrier or multi-carrier) and for all transmission modes foreseen by the manufacturer's specification this is taken partly back by the statement in informal Annex F: 
· In subclause 6.6, unwanted emission requirements for single carrier or multi-carrier BS are specified. This multi-carrier BS corresponds to a multi-carrier BS of the same channel bandwidth for E-UTRA. 
· All scenarios for channel bandwidths less than 5 MHz are for further study.  The guidelines below assumes that the power spectral density of the multiple carriers is the same. All other combinations of multiple carriers are ffs.  
It is not entirely clear which E-UTRA multi-carrier configurations are covered by the normative parts of TS 36.104/141 and which are not.
3. A similar issue as 2. exists for the spurious emission requirements in 6.6.4.
4. The only multi-carrier test mandated in TS 36.141 is for ACLR (6.6.2.4.1): RF channels to be tested: 
B, M and T with multiple carriers if supported; see subclause 4.7. On the other hand, wider multi-carrier test coverage is discussed for MSR, see e.g. the discussion in [5] related to Tx and Rx TC2.
5. Subclause 4.7 of TS 36.141 carries the same ambiguity as under 2. regards the concrete details this test configuration (TC) as function of the bandwidths supported by the BS): When the requirements are specific to multiple carriers, and the BS is declared to support N>1 carriers, numbered from 1 to N, the interpretation of B, M and T for test purposes shall be as follows (…)
If intra-band contiguous CA related requirements are added to TS 36.104/141 in a straightforward manner, these deficiencies will carry over.
At the initiation of the work on MSR, RAN4 decided to incorporate E-UTRA (and UTRA) multi-carrier aspects missing from TS36.104/141 into the MSR specifications. Consequently, a BS declared to only support E-UTRA multi-carrier operation falls within the scope of the MSR specifications TS 37.104/141. Within the MSR WI, there is work ongoing to complete the test specification specifically for E-UTRA multi-carrier configurations, see e.g. the discussion in [5] related to Tx and Rx TC2.
The currently envisioned CA scenarios of [4] contain both intra-band aggregation of multiple carriers as well as inter-band carrier aggregation of multiple and/or single carriers. An E-UTRA BS supporting CA is thus likely to support E-UTRA multi-carrier operation and might therefore be declared to conform to the applicable requirements in TS 37.104/141 as well. This leads to the issues of:

· RAN4 working on overlapping requirements and in particular (multi-carrier) test configurations between TS 36.104/141 and TS 37.104/141
· additional BS testing efforts for a BS declared to be compliant with TS 36.104/141 and TS 37.104/141
· Note, that the similar issue exists also for the CA evolution of UTRA TS 25.104/141 (e.g. 4-carrier HSDPA)
· How to evolve TS 36.104/141 (+TS25.104/141) vs TS 37.104/141 in the longer term, avoiding duplication of requirements and tests?
· Will the MSR specifications be continually updated to incorporate the relevant CA related features of the evolving single-RAT specifications (LTE-A CA, DB-DC-HSDPA, DC-HSUPA, …) ?
Hence the question arises whether CA specific RF requirements shall be added to 
A. only TS 36.104/141 
B. TS 36.104/141 with partial references to TS 37.104/141 (e.g. for identical requirements)
C. only TS 37.104/141 (except for those “in-channel” requirements for which references to TS 36.104/141 are made, i.e. modulation accuracy, reference sensitivity, demodulation performance,…)
Option A. means a parallel specification development along with MSR, option B. aims at partial alignment and “orthogonalisation” with the MSR specifications, Option C. would mean perfect alignment with the MSR specifications. 
We see the following advantages and disadvantages with these options:
A. only TS 36.104/141 

+
it might be easier to introduce LTE CA into RAN4 specifications, if changes to only a single of specifications are required 

+
it might be easier to introduce LTE CA from a regulatory perspective, if references to only a single set of specifications are required
+
All BS classes are present

- 
Multi-carrier related requirements and tests remain incomplete, unless added, but this will then require additional work and overlaps with work on the MSR specifications 

-
Redundant BS testing efforts for a BS declared to be compliant with TS 36.104/141 and TS 37.104/141
· no separation between 36.xxx series for “in-channel” RAT-specific requirements and 37.xxx series for generic RF requirements (unwanted emissions, blocking, intermodulation)
B. TS 36.104/141 with partial references to TS 37.104/141 (e.g. for identical requirements)

+
All BS classes are present

+
Less redundant BS testing efforts for a BS declared to be compliant with TS 36.104/141 and TS 37.104/141 when compared to option A.
+/-
only partial separation between 36.xxx series for “in-channel” RAT-specific requirements and 37.xxx series for generic RF requirements (unwanted emissions, blocking, intermodulation)
+/-
Multi-carrier related RF requirements and tests for requirements which are not pointed towards the 37.xxx series (e.g. SEM) remain incomplete, unless added, but this will then require additional work and overlaps with work on the MSR specifications

-?
it might be an issue to introduce LTE CA from a regulatory perspective, if also references to MSR specifications are required => feedback from the regions required 

C. only TS 37.104/141 (except those “in-channel” requirements for which references to TS 36.104/141 are made, i.e. modulation accuracy, reference sensitivity, demodulation performance,…)

+
Complete separation between 36.xxx series for “in-channel” RAT-specific requirements and 37.xxx series for generic RF requirements (unwanted emissions, blocking, intermodulation). 
+
E-UTRA related multi-carrier related RF requirements and tests developed under MSR can be taken advantage of

+
No redundant BS testing efforts for a BS declared to be compliant with TS 36.104/141 and TS 37.104/141 
-
Some E-UTRA RF requirements differ (e.g. SEM, blocking, intermodulation) and unless they would be substituted by the stricter MSR requirements, the MSR specification would be cluttered with the non-generic E-UTRA RF requirements
-
Some required BS classes might be missing

-?
it might be an issue to introduce LTE CA from a regulatory perspective, if only referenced to MSR specifications => feedback from the regions required 

We provide further analysis of option B regards the potential for partial references to TS 37.104/141:
· Identical requirement; hence is a potential target to be referred to from the 36 series for a BS declared to be within the scope of TS 37.104/141 
· (*) means that multi-carrier TC (Tx and Rx TC2) is currently proposed in [5] for testing
· Requirement similar but not quite aligned; hence alignment of the corresponding 36 series RF requirement with MSR should be investigated
· Reference to the corresponding 36 series RF requirement 
· (*) means that multi-carrier TC (Tx TC2) has been considered by some companies for testing
Table 1. TS37.104 MSR BS RF requirements in Band Category 1

	RF requirement
	BS configured for single-RAT E‑UTRA FDD operation

	Base station output power
	6.2.1 (*)
6.2.2
6.2.3

	Output power dynamics
	6.3.1

	Transmitted signal quality

	
Modulation quality
	6.5.1.1(*)

	
Frequency error
	6.5.2.1

	
Time alignment between 
transmitter branches
	6.5.3.1

	Unwanted emissions

	
Transmitter spurious emissions
	6.6.1(*) (except for 6.6.1.1.3)

	Operating band unwanted


emissions
	6.6.2.1(*)
6.6.2.4

	
Occupied bandwidth
	6.6.3

	
ACLR
	6.6.4.1(*)

	Transmitter intermodulation
	6.7.1

	Reference sensitivity level
	7.2.1

	Dynamic range
	7.3.1

	In-band selectivity and blocking

	
Blocking
	7.4.1

	
Narrowband blocking
	7.4.2

	Out-of-band blocking
	7.5(*)

	Receiver spurious emissions
	7.6.1(*)

	Receiver intermodulation

	
Intermodulation
	7.7.1

	
Narrowband intermodulation
	7.7.2(*)

	In-channel selectivity
	7.8

	Performance requirements
	8.1


We can see from this analysis that there is potential in option B for partial references to TS 37.104/141 in order to in order to “disentangle” the 36 vs 37 specifications. 
Even Option C. is in reach if the 36 series requirements would be aligned with the “yellow” MSR ones, as has been partially achieved already e.g. for the SEM in bands 3 and 8. Alternatively to a full alignment, considering that the MSR RF requirements are typically most stringent, a reference to the corresponding requirement in TS 37.104 might still be appropriate for a BS declared to be within the scope of TS 37.104/141.
Furthermore, it shall be discussed, within the scope of MSR WI, if there is a need for development of MSR multi-carrier tests
 for the requirements marked by (*), or alternatively, if an equivalent multi-carrier TC should be defined within TS36.141 and referenced from TS37.141, in order to “disentangle” the test specifications.
3. Conclusion

While Option C. would be the most desirable long-term option from the perspective of managing non-overlapping BS specifications within RAN4, it might be more pragmatic to use option B. as a starting point for the CA WI. 
We thus propose to take above option B. as a baseline for updating TS 36.104/141 within the CA WI. In the course of this work, RAN4 should investigate the possibilities to further align the 36 series RF requirements with MSR and to migrate towards orthogonal BS specifications as proposed in option C. We believe that this conclusion may also be appropriate for the carrier aggregation evolution of UTRA in TS 25.104/141 (e.g. for 4-carrier HSDPA).
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