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1 Introduction
Carrier aggregation is a promising technique for operators to aggregate multiple chunks of spectrum for improved peak rate. This attractive feature motivated scores of CA band combination proposals for various bands and channel bandwidth combinations. In earlier proposals, RAN4 has limited the component carrier channel bandwidth to >= 5 MHz based on complexity and benefit tradeoff considerations. In some of the latest CA work item proposals, channel bandwidth combinations with per CC channel bandwidth below 5 MHz are also proposed for each component carriers. 

In this paper, we discuss the pros and cons of aggregating small channel bandwidth in practical network operation.
2 Discussion
In this section, we would like to take a holistic look at the impact of CA on network operation if a small carrier is aggregated with a large carrier.

2.1 Mix of Carrier Aggregation and Single Carrier UEs

A typical cell is usually loaded with a mix of UEs of small and high bandwidth traffic. Examples of small bandwidth traffic include VoIP, gaming, MSM, application background packets, signaling bearer packets, etc.  Examples of high bandwidth traffic include file download, heavy web browsing, video streaming, etc. CA could significantly improve the UE experience for high bandwidth traffic but not low bandwidth traffic. Network implementation is expected to intelligently configure and active carrier aggregation based on DL traffic  pattern for each UE.

It is expected that a significant fraction of CA capable UEs will not be configured or activated in CA mode since a UE in CA mode consume more power for extra RF and baseline processing. When high bandwidth traffic is detected, the CA capability is likely to be activated for a UE. Another aspect for configuring UE in CA mode is network resource management. CA UEs will not only consume memory and CPU resources at the eNB and RAN, they will also take away air interface resources for SCell CSI reporting, SCell RRM reporting, SCell sounding and PCell interruption. 

Observation 1: In practical network, a large fraction of UEs may be configured in single carrier mode based on DL traffic.

2.2 Benefit of Carrier Aggregation of Large and Small Channel Bandwidth
CA is not only good for peak rate increase, but also good for trunking efficiency improvements in a partially loaded network. For example, we consider an operator with two carriers with of 3 MHz and 10 MHz each. Without carrier aggregation, the operator is likely to load the 3 MHz carrier with UEs of low bandwidth traffic and to load the 10 MHz carrier with UEs of high bandwidth traffic. A single carrier UE could potentially achieve a data rate corresponding to the instantaneous residual capacity on the serving carrier. When CA is enabled for a high bandwidth traffic UE by adding the 3MHz carrier as the secondary serving cell (SCell), this UE could enjoy a data rate corresponding to the instantaneous aggregated residual capacity of both carriers. Figure 1 illustrates how a CA capable UE could fully utilize residual resources on a small bandwidth carrier as the SCell. Effectively, carrier aggregation improved UE experience by more efficiently using the slack resources on the 3 MHz carrier when a network partially loaded. This benefit could be achieved if network operation is carefully planned such that the 3 MHz carrier operates efficiently.
[image: image1.emf]DL: PCell DL: SCell

UL: PCell


Figure 1. DL carrier aggregation with improved trunking efficiency for CA capable UEs
Observation 2: Aggregating large and small channels could improve UE experience radio resources by configuring the small bandwidth carrier as the SCell.
2.3 Limitations of Carrier Aggregation of Large and Small Channel Bandwidth

In Rel-10/11, RAN4 has focused on single UL operation for all CA band combinations. For all DL-CA capable UEs, the PCell carries reference signals (DM-RS, SRS), UL control (PUCCH), random access channel (PRACH) and data channel (PUSCH). The control channel carries channel state information feedback, ACK/NAK and scheduling request. The data channel carriers higher layer signaling and UE specific traffic. 

A carrier with narrow channel bandwidth could induce poor UE and network performance if overloaded. In a typical network operation, CQI/RI are expected to take at least 2 PRBs and ACK/NAK are expected to take at least 2 PRBs. It is also possible to multiplex CQI and ACK/NACK on the same RB, when the number of UEs in connected state is very small. It is more typical to have more PRBs allocated for CSI reporting when PMI and subband CQIs are enabled. Consider a carrier with 1.4 MHz, effectively 4 out of 6 PRBs would be used for PUCCH alone in one subframe, i.e., only 2 PRBs could be used for data traffic. Note that, SRS and PRACH transmission also takes 6 PRBs of UL resource with some regular periodicity. If most of the subframes are limited to 2 PRB for data traffic, even low bandwidth traffic would be throttled. For a 3 MHz channel, total control resources should also be carefully dimensioned such that a good QoS is guaranteed for UEs served by this cell.
A carrier with narrow channel bandwidth could induce severe UE and network performance degradation if configured as PCell for CA UEs. Figure 2 illustrates an overloaded CA configuration with a small bandwidth carrier as the PCell. Compared to single carrier operation, the UL control resource consumption in CA mode is expected to increase significantly for each UE due to additional CSI reporting / Sounding / RRM reporting, etc. In addition, the DL scheduling for CA UEs could also consume more resources due to larger payload when cross carrier scheduling is enabled. Note that control signaling and higher layer signaling loads are persistent, which is different from data traffic which could be much more elastic. Configuring a small bandwidth carrier as an SCell could potentially provide opportunistic trunking efficiency gain without overloading the carrier with persistent control and signaling load on DL and UL.
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Figure 2. Overloaded narrow band carrier due to serving CA capable UEs as PCell
Observation 3:  A carrier with narrow channel bandwidth could induce severe UE and network performance degradation if configured as PCell for CA UEs.
In [1], it was pointed out that existing demodulation and CSI test only covers inter-band CA cases with 10+10 channel bandwidth combinations. In RRM CA tests, the default channel bandwidth is also 10 MHz in most cases. If a UE with maximum channel bandwidth support of less than 10 MHz is introduced, we would expect high work load to support tests/requirements definition of such UEs.
2.4 Proposals

Proposal 1: RAN4 establish UE requirements based on the most practical network operation for large and small channel bandwidth aggregation:

· Carrier with small channel bandwidth (< 5 MHz) is loaded with UEs of low bandwidth traffic.

· Carrier with large channel bandwidth (>= 5 MHz) is loaded with UEs of high and low bandwidth traffic.

· UEs with high bandwidth traffic are configured in CA mode with PCell on the large channel bandwidth carrier and SCell on the small channel bandwidth carrier. 

Proposal 2: UE RF and baseband requirements are defined for configurations with PCell channel bandwidth >= 5 MHz.

3 Conclusions
In this paper, we discuss the pros and cons of aggregating small channel bandwidth in practical network operation. We made the following observations:

Observation 1: In practical network, a large fraction of UEs may be configured in single carrier mode based on DL traffic.

Observation 2: Aggregating large and small channels could improve UE experience radio resources by configuring the small bandwidth carrier as the SCell.
Observation 3:  A carrier with narrow channel bandwidth could induce severe UE and network performance degradation if configured as PCell for CA UEs.


Based on the observations above, we suggest RAN4 consider following proposals:
Proposal 1: RAN4 establish UE requirements based on the most practical network operation for large and small channel bandwidth aggregation:

· Carrier with small channel bandwidth (< 5 MHz) is loaded with UEs of low bandwidth traffic.

· Carrier with large channel bandwidth (>= 5 MHz) is loaded with UEs of high and low bandwidth traffic.

· UEs with high bandwidth traffic are configured in CA mode with PCell on the large channel bandwidth carrier and SCell on the small channel bandwidth carrier. 

Proposal 2: UE RF and baseband requirements are defined for configurations with PCell channel bandwidth >= 5 MHz.
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