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1. Introduction
A new Work Item for “Carrier Aggregation for LTE” was agreed in RAN #46 [1]. 

This contribution provides an overview of the expected changes to TS 36.104 [2] due to CA WI.

NOTE: Analysis presented below focuses on the CA WI - other LTE-A related WI’s are not covered by this contribution.

2. Discussion

In this section we take a tentative look on the possibly needed changes to minimum requirements and how the requirements should be modified. Naturally this is preliminary evaluation and should be completed once agreement on the band combinations and deployment scenarios has been made.
2.1
General clauses
Definitions, symbols and abbreviations (Clause 3)
New definitions may be needed to cover component carrier aggregation scenarios for intra- and inter band cases. As the intention is to re-use existing specification as much as possible there are few or no changes expected for symbols and abbreviations.
General (Clause 4)

In case CA RF requirements are limited to certain BS classes only, this can be added to clause 4.2 (Base station classes).
Some of the CA related RF requirements may also only apply in certain regions either as optional requirements or set by local and regional regulation as mandatory requirements, so no changes are expected in clause 4.3.
Operating bands and channel arrangement (Clause 5)

An additional table is needed in Clause 5.5 (Operating bands) to specify CA related inter-band configurations in a similar manner as done for DB-DC-HSDPA in TS 25.104 [3].

Carrier aggregation can be introduced with minimal impact on existing specifications as long as the “numerology” of the component carriers remains the same. This corresponds to maintaining the Channel and Transmission bandwidth configurations of Rel-9 E-UTRA as defined in Clause 5.6 (Channel bandwidth). 
The spacing between centre frequencies of contiguously aggregated component carriers shall be a multiple of 300 kHz (in order to be compatible with the 100 kHz frequency raster of LTE Rel-9 and at the same time preserve orthogonality of the subcarriers with 15 kHz spacing). This would need to be added to Clause 5.7.1 Channel spacing.
Any constraints on CC aggregations under which the RF requirements shall apply, e.g. a maximum number of aggregated CCs or a maximum aggregated total BW can be added to Clause 5.7. in form of a new subclause. 
2.2
Transmitter characteristics 
6.1
General

Some clarifications regarding the transmit antenna connector configurations in relation to the various CA scenarios are needed. E.g similar to DB-DC-HSDPA in TS25.104, it needs to be stated that RF requirements apply on a per band basis at each transmitter antenna connector. More details regarding this issue are provided in the contribution [10].
6.2
Base station output power

This clause can also be applied for a component carrier. However, the output power of multiple component carriers can be aggregated and it is FFS if nominal aggregated power per band shall also be declared by the manufacturer.
Base Stations other than those belonging to the WA class do have limits on the per-carrier maximum output power and it needs to be checked if the currently specified per-carrier limits are also applicable for CA.
6.3
Output power dynamics
6.3.1
 RE Power control dynamic range
6.3.2
Total power dynamic range

No changes expected.
6.4
Transmit ON/OFF power
6.4.1
Transmitter OFF power
6.4.2
Transmitter transient period

No changes expected.
6.5
Transmitted signal quality
6.5.1
Frequency error
6.5.2
Error Vector Magnitude

No changes expected.
6.5.3
Time alignment between transmitter branches

The time alignment error between component carriers in the space - frequency domain needs to be re-defined, for both intra- and inter-band scenarios. 

Some relaxations need to be added (ref. time alignment error requirements for UTRA DB-DC-HSDPA and DC-HSDPA + MIMO).
6.5.4
DL RS power

No changes expected.
6.6
Unwanted emissions

With the exception of multi-carrier (-RAT) transmissions on a single transmit antenna connector, the current UTRA, E-UTRA and MSR specifications do not contain any limits for the following aggregated unwanted emissions:

· across MIMO (or transmit diversity) branches
· across multi-carrier (-RAT) transmissions using multiple antenna connectors
· across aggregated multi-carrier transmissions using multiple antenna connectors (for DC-HSDPA)
· across multiple bands (for DB-DC-HSDPA)
We assume that same approach shall be used also for CA. Then the impact on the existing specifications will be small:
6.6.1
Occupied bandwidth

No changes expected.
6.6.2
Adjacent Channel Leakage power Ratio (ACLR)
6.6.3
Operating band unwanted emissions

For a Rel-9 multicarrier E-UTRA BS the definitions related to channel edges (i.e. FC +/- BWChannel /2) apply to the lower edge of the carrier transmitted at the lowest carrier frequency and the higher edge of the carrier transmitted at the highest carrier frequency. Hence no changes are expected for intra-band contiguous carrier aggregation.
In case that intra-band non-contiguous carrier aggregation scenarios are elected for the CA WI, the limits across the “gaps” between CCs need to be also defined, for the cases of a single, respectively multiple antenna connectors. In case of multiple antenna connectors (each transmitting one or more contiguous CCs), it is recommended not to define aggregated unwanted emission limits, but instead re-use the same limits per antenna connector.
6.6.3.3
Additional requirements

No changes expected.
6.6.4
Transmitter spurious emissions
6.6.4.1
Mandatory Requirements
6.6.4.1.1
Spurious emissions (Category A)
6.6.4.1.2
Spurious emissions (Category B)
6.6.4.2
Protection of the BS receiver of own or different BS
6.6.4.3
Additional spurious emissions requirements
6.6.4.4
Co-location with other base stations

No changes expected.
6.7
Transmitter intermodulation
No changes expected.
2.3
Receiver characteristics

Reference sensitivity level, dynamic range and in-channel selectivity
The carrier aggregation can be introduced with minimal impact on existing specifications if current requirements would be applied on a component carrier basis. If such an approach would be agreed by RAN4 group a note in existing specifications would be needed that current requirements shall be applied for each component carrier.
Adjacent channel selectivity
The carrier aggregation can be introduced with minimal impact on existing specifications if current requirements would be applied on a component carrier basis (ACS requirement is defined on the basis of transmission bandwidth configurations of the wanted signal and by considering an appropriate desensitisation relative to the reference sensitivity level requirement). If such an approach would be agreed by RAN4 group a note in existing specifications would be needed that current requirements shall be applied for each component carrier (in case of contiguous component carriers it should be applied for outermost component carriers). Additionally, clarification should be added that for contiguous component carriers the channel edge of the wanted signal is the channel edge of the outermost component carriers.
Blocking and narrowband blocking
The carrier aggregation can be introduced with minimal impact on existing specifications if current requirements would be applied on a component carrier basis (blocking and narrowband blocking requirements are defined on the basis of transmission bandwidth configurations of the wanted signal and by considering an appropriate desensitisation relative to the reference sensitivity level requirement). If such an approach would be agreed by RAN4 group a note in existing specifications would be needed that current requirements shall be applied for each component carrier. Additionally, clarification should be added that for contiguous component carriers the channel edge of the wanted signal is the channel edge of the outermost component carriers.
Intermodulation and narrowband intermodulation
The carrier aggregation can be introduced with minimal impact on existing specifications if current requirements would be applied on a component carrier basis (intermodulation and narrowband intermodulation requirements are defined on the basis of transmission bandwidth configurations of the wanted signal and by considering an appropriate desensitisation relative to the reference sensitivity level requirement). If such an approach would be agreed by RAN4 group a note in existing specifications would be needed that current requirements shall be applied for each component carrier (in case of contiguous component carriers it should be applied for outermost component carriers). Additionally, clarification should be added that for contiguous component carriers the channel edge of the wanted signal is the channel edge of the outermost component carriers.
2.4
Performance requirements

By introduction of carrier aggregation in LTE-Advanced, Rel-8 demodulation performance requirements can be re‑used, provided the Rel-8 E-UTRA transmission bandwidth configurations are maintained. For component carriers with NRB >100RB additional performance requirements would be needed for PUSCH requirement in multi-path fading propagation conditions, requiring the introduction of new Fixed Reference Channels together with their corresponding performance requirements and related simulation’s effort[4]. In the following analysis we assume Rel-9 Channel and Transmission bandwidth configurations as currently defined in 36.104, Clause 5.6 (Channel bandwidth).

Based on the list of the prioritized LTE-A carrier allocation scenarios [8], the aim of BS demodulation requirements for LTE-A, and CA in principle, shall be taken at making them scenario independent, i.e. both single band and multi-band cases shall be considered as valid.

PUSCH

In LTE-A FDD mode, it will be possible to configure UL transmission to aggregate a different number of component carriers of possibly different bandwidths in the UL and the DL. Simultaneous transmission of the PUSCH on one or multiple UL component carriers will be possible in LTE-A [7].
Carrier aggregation can be introduced with minimal impact on existing specifications if current PUSCH requirements would be applied on a Rel-8 compatible component carrier basis. If such an approach would be agreed by RAN4 group a note in existing specification would be needed stating that PUSCH throughput requirements for a BS supporting aggregated CCs are defined as the sum of the existing single CC throughput requirements. As focus on the peak throughput of the LTE-A UL is suggested, one PUSCH SNR value for all CC’s configured for the maximum possible configuration (being currently on the list of prioritized CA scenarios) is proposed for PUSCH throughput performance test. This would mean that all CC’s are utilizing the same FRC, propagation conditions and CP. It would fit for peak throughput testing (n x BWChannel; n≦5; BWChannel: 1.4MHz - 20MHz). In this case it would be assumed, that all CC’s provide sufficiently good radio conditions and UL throughput is the sum of all UL CC throughputs for the same channel model applied to all of them.

Another issue to consider is the multipath fading propagation conditions for CA scenarios. As multipath fading propagation conditions are defined as Doppler shift (5, 70 or 300 Hz) and multi-path delay profile (EPA, EVA or ETU) [2] it is seen, that in case of CA an ambiguity can arise due to the fact, that it will not be clear for which of the CC / band UE velocity shall be calculated. In order to avoid such ambiguities, it is proposed to introduce certain clarification (similar to HST propagation conditions derivation clarification) in multi-path fading propagation conditions annex in order to avoid misunderstandings in the future.

PUCCH
LTE-A extends PUCCH capabilities, by introduction of supports of up to five DL component carriers on one CC’s PUCCH [5]. Backward compatible Rel-8 PUCCH transmit scheme is to me maintained in Rel-10 at the same time. It is still too early to discuss PUCCH performance aspects due to premature level of the RAN1 discussions on the PUCCH transmit schemes and their capacity issues.

PRACH

PRACH test can be reused from rel8 specification. This is justified by the fact, that despite of the fact that UE may be scheduled over multiple component carriers in UL, only one random access procedure shall be ongoing at any time [9]. Therefore, no new test is foreseen to be needed due to introduction of CA.
HARQ-ACK transmission

HARQ-ACK feedback is utilised in number of demodulation performance tests. HARQ-ACK physical transmission scheme on PHICH will be reuse from Rel8 [5] and no impact on the Rel8 demodulation performance tests is seen. 

Fixed Reference Channels

Referring to the above statements, Rel-8 FRC’s can be reused, if the per Rel-8 E-UTRA CC approach will be applied for LTE-A BS demodulation tests. Otherwise, new FRC’s will be required to be introduced for non Rel8 backward compatible CC’s which is not the recommended way forward.

UL power control

Power control feature was not configured for Rel8 demodulation performance tests. Therefore, following proposal of re‑use of the Rel-8 demodulation performance requirements, power control agreements for LTE-A UL in [6] are not relevant and do not have impact on the LTE-A performance demodulation requirements consideration.
Timing advance

Due to the possibily of inter-band CC allocation, different TA values might be needed per CC frequency band. In case of multiple CC allcoated in one frequency band single TA values seems to be sufficient. UL timing adjustment requirement for PUSCH will require clarifications with respect to this issue.
3. Conclusion

We propose to take above mentioned BS aspects into account in CA WI in RAN4.
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