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1 Introduction
Several potential subjects for study and standardization for Rel-13 are being considered in 3GPP, among which the further evolution of LTE for wider spectrum and denser networks. The purpose of this contribution is to provide relevant information about these subjects to RAN Plenary for discussion, based on a contribution [1] submitted to RAN1#79 and two contributions [2]
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[3] submitted to RAN#65 held in September 2014. 

2 Motivations for further enhancements for wider spectrum and denser networks
With the tremendous growth of LTE capable devices, LTE deployments are becoming capacity limited due to the volume of data needed to be delivered and the interference. To alleviate these capacity limitations, several major directions have been identified for the timeframe of Rel-13 deployments, including:

· Utilization of all the available spectrum resources, such as the C-band (at least the lower C-band 3.4-3.8 GHz) [2] and the 5 GHz unlicensed band [4]; 
· Further densification of the networks, which leads to denser networks [3].
These directions may be combined in certain scenarios (e.g., a denser networks with each eNB operating in the C-band and unlicensed band), though it does not have to be this case for all scenarios. Nevertheless, technical issues need to be solved, and new means may need to be introduced to efficiently utilize the new system resources introduced from additional frequency bands and/or additional network nodes, for example:

· In the wider spectrum scenario, the operations on wider spectrum by the eNB and possibly by the UE need to be supported. Furthermore, with the significantly increased spectrum resource, turning ON the entire spectrum all time for all transmissions may be not only inefficient (e.g., due to interference) but also infeasible for some cases. This is not a new issue, but it may become more exacerbated moving forward as more and more spectrum resources are expected to be incorporated. Opportunistic access to a selected subset of the available wide-spectrum resource with properly coordinated adaptation should be considered.

· In the denser network scenario, the interference may become even more severe, and the interference statistics may also change considerably [5]. Note that in Rel-12, mainly small cell clusters are addressed, in other words, densely deployed small cells are distributed in several disconnected clusters, and each cluster has a few small cells. However, it is anticipated that in some cases, continued densification with more eNBs dropped can make the clusters connected with each other, i.e., many eNBs may be continuously distributed in dense outdoor urban area. Therefore, in a denser network, there may be more strong interferers, and their effects may not be effectively mitigated by intra-cluster interference mitigation techniques. Consequently, denser networks (both clustered and non-clustered) may require more advanced coordination and adaptation for interference management, load balancing/shifting, measurements, etc. Opportunistic access to a eNBs/carriers with properly coordinated adaptation should be considered.
In summary, there are motivations to consider further enhancements of LTE for wider spectrum and denser networks.

3 Potential features to support denser networks and wider spectrum bands
The potential technical features for further enhancements of LTE to support wider spectrum bands and denser networks are described in this section.
3.1 Massive carrier aggregation

The goal of massive carrier aggregation is to increase the number of accessible carriers for a UE, in accordance to the amount of spectrum available for the eNB. 

Currently the amount of spectrum a UE may access at a time through carrier aggregation is limited to 100 MHz using five 20 MHz carriers. With new applications requiring higher throughputs, increasing the number of aggregated carriers at a UE can meet the throughput requirements. In general, this would require higher UE capability in terms of the number of RF chains and baseband processing power. However, with large chunks of contiguous spectrum becoming available within one band, the number of RF chains may be maintained at a reasonable level to support a larger number of carriers within a limited number of bands. Moreover, baseband processing power is expected to continuously improve in the near future to allow the UE to support more (e.g., >=10) carriers. Massive CA is not limited to small cells, though it may be the case for unlicensed spectrum. 
Other proposals for carrier aggregation enhancements, such as UL/DL control enhancements, can be found in, e.g., [6]
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[7]
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[8]. 

A key requirement for standardization is retaining LTE numerology as well as ensuring backwards compatibility so that the feature can be rapidly adopted in devices.

3.2 Fast carrier switching/selection

Fast carrier switching/selection may also be considered to allow UE over time to utilize a much larger number of carriers than it can transmit/receive at one time. For example, coupling fast on/off described in TR 36.872 [9] with fast SCell activation/deactivation can allow a UE to switch carriers quickly. Other operational impacts can include load shifting/balancing to improve throughputs and reduce interference. Having a large pool of usable carriers can enable these improvements in operation. This ability to switch quickly also has benefits for operation in unlicensed bands as means to select lightly occupied carriers when interference arises dynamically. This approach can potentially be beneficial to UEs without largely increasing their capability requirements.

3.3 Opportunistic access of a Scell

Opportunistic access (DL and UL) of a SCell instantaneously from a UE perspective can be considered, potentially allowing subframe-level SCell on/off at the eNB side. This is a major feature left from Rel-12 SCE WI and is essential for many features, including but not limited to LAA. For example, it may be used for efficient operations of licensed carrier and also enable fast carrier switching/selection. In future networks with small cell deployments, it is anticipated that each small cell can have a large number of usable carriers. The carriers may be licensed or unlicensed (and thus related to the licensed-assisted access (LAA) SI for Rel-13 [4]). Therefore, to fully benefit from small cell deployments, it is meaningful to put the small cell enhancements into the perspective of a large number of carriers in the network, i.e., to provide standard support for efficient opportunistic access in multi-carrier scenarios.

With fast carrier switching/selection and opportunistic access of a Scell, cross-carrier fast coordination can be enabled, which includes load balancing/shifting and interference coordination and avoidance in fast time scales, utilizing potential resources in frequency, temporal, and power domains.  

3.4 Wider carrier bandwidths

When LTE was developed, mandating a minimum 20MHz UE capability using 20 MHz of spectrum for transmissions was technically challenging. It also approached at that time the limits of licensed spectrum available to operators. As LTE technology has matured and has become lower in cost, there is an opportunity to revisit the 20 MHz limit. The larger amount of spectrum can increase the throughput per carrier and possibly reduce the amount of system overhead, which can also improve throughput as well as reducing interference. A key challenge will be to ensure backwards compatibility while allowing the wider carrier bandwidths, especially for sub-6 GHz bands. Non-backward compatible design of wider carrier bandwidth may only be studied in the future when considering spectrum bands beyond 6 GHz carrier frequency. 

To summarize, it is desirable to study and specify mechanisms for further enhancements, to ensure the efficient operation of networks in single-carrier or multi-carrier scenarios, in both downlink and uplink, for deployments with, but not limited to, denser networks, taking into account the study documented in TR 36.872 [9] and further motivations listed above.
4 Relation to RAN1 SI/WI

These proposals are closely related to RAN1 past and ongoing Study Items / Work Items:

· The evolution for wider spectrum, via techniques such as massive CA, fast carrier selection, etc., can be seen as a natural extension of Rel-11 CA, Rel-12 SCE, and Rel-12 dual connectivity [10];
· The evolution for denser networks, or further enhancements of small cells, via techniques such as dynamic on/off, etc., can be seen as a natural extension of Rel-12 SCE;
· The techniques such as opportunistic access, fast carrier selection, etc., are essential enablers of Rel-13 LAA [4] but should not be limited to unlicensed carrier only.
5 Conclusion

In this contribution, we discuss support for wider spectrum and further enhancements for denser networks, mainly based on a contribution [1] submitted to RAN1#79 and two discussion papers submitted to RAN#65 [2]
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[3]. The technical components involved in these subjects are natural extensions of past SI/WI such as Rel-12 SCE, Rel-12 dual connectivity, and Rel-11 CA, and are essential enablers of some ongoing LTE standardization efforts such as Rel-13 LAA. 
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