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1 Introduction

In the RAN #66 meeting, a new work item (WI) on LTE carrier aggregation (CA) enhancement beyond 5 carriers was approved [1]. The objectives of the WI are to define support for PUCCH on SCell for CA and to enhance the carrier aggregation of up to 32 component carriers (CC). The use cases for CA up to 32 CCs include CA within licensed spectrum or CA in licensed and unlicensed spectrum. In this contribution, it is proposed to consider in this WI the enhancement of increasing the carriers configured for a UE beyond 5 carriers, which can serve as an intermediate milestone leading to the ultimate goal of the enhancement of the carrier aggregation beyond 5 carriers.

2 Motivations for configuring more than 5 carriers
2.1 Motivations and main approaches for allowing a UE to access more than 5 carriers

The cellular networks are incorporating more and more new spectrum resources. One likely example of the new spectrum resources is the C-band [1]. Another example, as pointed out in the WID [1], is that LAA (Licensed-Assisted Access) aiming to incorporate the unlicensed spectrum in the 5GHz band. It is expected that a cellular network will operate with a large number of carriers in the near future.
Generally, the large number of carriers can be utilized by the network nodes in a relatively straightforward and efficient way. However, it is considered not so straightforward or efficient for a UE to utilize the large number of carriers available at the network. There are two main approaches considered for a UE to make better use of the available carriers:
1) CA-based approach: Relying on carrier aggregation enhancements to access more than 5 carriers

This allows the UE to simultaneously receive (or transmit) on possibly more than 5 carriers. This is one of the ultimate goals of the WI, and, if supported, can provide the highest performance gains among all possible enhancements for a network with a large number of carriers. 
2) CS-based approach: Relying on carrier switching/selection (CS) to access more than 5 carriers

Another way for the UE to use more than 5 carriers is through carrier switching/selection [3]
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[4]. Carrier switching/selection among all carriers available to the eNBs, which is determined by the eNB and performed accordingly by the UE, can allow the UE to access more carriers over time. 
There should be some transition times associated with the carrier switching/selection. Generally, the shorter the transition times, the better the performance.

There are pros and cons for the approaches. For example, as described before, the CA-based approach has better performance, but it is associated with the higher costs of UE supporting more than 5 component carriers for carrier aggregation, e.g., the UE needs to be able to simultaneously receive PDSCH on more than 5 component carriers. The CA-based approach also takes a long time to accomplish in standardization; note that RAN4 is still working on specifications for 4 DL carrier aggregation. Furthermore, the increase of UE capability in products, especially the RF and baseband capabilities for simultaneous transmission/reception on more than 5 carriers, is considered as challenging and can fall significantly behind the progress of supporting more carriers at the eNB and in standards.

On the other hand, the CS-based approach does not involve significantly higher requirements on the UE, and the standardization and implementation are expected to be much less involved, and can be realized in products much faster. It is expected that the UEs benefiting from the CS-based approach significant outnumber those benefiting from the CA-based approach, at least at the beginning stages.  It also serves as an intermediate milestone to facilitate the smooth transition from current CA to the more challenging goal of supporting CA of up to 32 carriers. 
Observation 1: The CS-based approach is less challenging and can be made available sooner than the CA-based approach for a UE to use an increased number of carriers. 
2.2 Low-category CA-capable UEs
It may be possible that a low-category UE is CA capable, and it may be considered as useful to enable a UE to use more than 5 carriers. For example, a UE may be capable of receiving from 5 CCs, but the UE may receive at a peak data rate much lower than another UE with higher category supporting 5 CCs. This example may also be extended if CA beyond 5 carriers is standardized.  How it works is that a low-category UE may be configured with as many carriers (e.g., > 5) as the RF capability allows, with lower per-carrier rate. In other words, the UE can receive PDSCH from all configured carriers at the same time, but on each carrier the data rate is lower so that the total data rate does not exceed the UE capabilities (e.g., buffering and processing capabilities). 

However, the way that a low-category UE to support CA is still the CA-based approach, and the amount of standards support (e.g. RAN4 RF requirements) needed for this type of operations is the same as CA supporting much higher peak data rates; what it may save is the UE's processing capabilities. Hence, it may still take a very long time for such UEs to be available. The advantages of the CS-based approach thus remain valid even if the low-category CA-capable UEs are to be supported.
Observation 2: The CS-based approach is less challenging and can be made available sooner than the CA-based approach for a low-category CA-capable UE to use an increased number of carriers.
2.3 Enhancements for the CS-based approach

The CS-based approach may be implemented based on existing standards. The following procedure may be performed: 

(1) The network configures the UE for inter-frequency neighbour cell measurements; 

(2) The UE performs measurements during measurement gaps and reports to the network accordingly; 

(3) The network configures an inter-frequency neighbour cell as a Scell, sending the UE a configuration signalling including information such as cross-carrier scheduling information, transmission modes, etc., for the Scell.

However, this procedure may involve long delays:

·  Delay associated with configuration signalling 

The configuration signalling has generally the time scales of a few tens of milliseconds to about a hundred milliseconds. 

· Delay associated with the measurement process

Inter-frequency RRM measurements based on measurement gaps usually take a long time to be performed and maintained, and these may be further prolonged if more frequencies (including, e.g., UTRA, GSM, etc.) need to be monitored. 
In addition, a UE can perform measurements for at most a few (e.g., 3 for Rel-12 FDD, or 8 for Rel-13 FDD if supporting increased carrier monitoring) inter-frequency carriers, which considerably limits the eNB's carrier switching/selection capability. If the eNB attempts to perform carrier switching/selection on potentially more carriers, say more than 8 FDD carriers, the eNB may be forces to change the UE's measurement configuration from time to time, which makes the measurement process extremely long.

To efficiently support the CS-based approach, it is crucial to reduce the transition times involved in the carrier switching/selection. Therefore, enhancements for the CS-based approach should target to reduce the transition times.
To this aim, one may reduce the delays associated with the configuration signalling and measurements. One way to achieve so is to configure the UE with more than 5 component carriers. If the carrier switching is among the configured carriers, no configuration signalling is needed, and likely very recent RRM measurements for these carriers are available, thus reducing the transition delays. However, configuring more than 5 carriers to a UE does not require that the UE has to be able to receive PDSCH from all these configured carriers at the same time; carrier switching/selection can allow the UE to efficiently use all the configured carriers over time.
Observation 3: The CS-based approach can be enhanced by configuring a UE with more than 5 component carriers. 
2.4 More details for RRM measurements

Currently, a UE may perform RRM measurements of a non-primary cell if the cell is either an (a non-configured) inter-frequency neighbour cell or a (configured) Scell. The previous subsection argues from a latency perspective that a cell is more suitable for carrier switching/selection if it is a configured Scell than if it is a non-configured neighbour cell. Configuring the cell as a Scell may also offer other measurement-related benefits such as better performance (with proper configurations) and more operational flexibility by the eNB (at the possible cost of the UE performing and reporting more measurements). These include:

· If the cell has more than 1 CRS antenna ports, in the configured Scell case, the UE knows for certain the existence of R1 for RRM measurements and can utilize R1, but in the neighbour cell case, the UE may not be certain about R1 and may not be able to utilize R1.

· RRM measurements for the configured Scell are generally performed over the entire bandwidth, whereas the RRM measurements for a neighbour cell are performed over 6 RBs (recently an option of 50 RBs was included). With more RBs used for the measurements, the performance will be better.

· RRM measurements for the configured Scell are not performed during measurement gaps, and the network has more flexibility in configuring the Scell measurement cycle, etc. In contrast, the RRM measurements for a neighbour cell are generally performed during measurement gaps (unless the UE supports such capability), and the network has much few options in controlling the measurement processes.

Observation 4: From measurement performance and network operational flexibility perspectives, it is preferred to configure a carrier as a Scell than to leave it as an inter-frequency neighbour cell.
3 RRM measurement options for configured component carriers

For a UE configured with more carriers than which it can receive PDSCH simultaneously from, there are some options for the RRM measurements, depending on the UE capability:
· Option 1: UE performs RRM measurements on all configured CCs without using gaps

If the UE is configured with n CCs, it needs to be able to perform RRM measurements on all n CCs without any interruptions. This option may be further classified as:

· Option 1.1: UE can receive PDSCH from all configured CCs simultaneously 
Such UEs are actually CA-capable UEs, and hence naturally they can perform RRM measurements on all configured CCs without any gaps. The low-category CA-capable UEs also fall into this category. 
Such UEs are required to have the RF capability of receiving from all configured CCs simultaneously and need significant standardization (especially RAN4 related) effort.

· Option 1.2: UE cannot receive PDSCH from all configured CCs simultaneously 

Such UEs are not capable of receiving PDSCH from all configured CCs simultaneously; not even if per-CC data rate is kept low. Therefore, they may access more carriers via the CS-based approach but not the CA-based approach. However, the UEs may still be capable of performing RRM measurements on all configured CCs without using gaps. 
For example, if a UE is capable of receiving from 6 CCs simultaneously but configured with 10 CCs, it may be configured to receive PDSCH from at most 5 CCs at the same time, leaving extra capabilities to monitor any other CC. Since performing the RRM measurements of a CC does not require continuous monitoring of the CC, the extra capabilities may be used by the UE to cycle through all other CCs for RRM measurements. For another example, a UE may be capable of wideband receiving on a band in addition to its PDSCH receiving capability on a subset of CCs of the band, so the UE can perform RRM measurements on all CCs of the band.
Hence, it can be seen that the RF requirements for supporting RRM measurements on n CCs can be lower than RF requirements for supporting simultaneous PDSCH receiving on n CCs. UEs operating according to this option are required to have the RF capability of supporting RRM measurements but not the RF capability of receiving from all configured CCs simultaneously.
Clearly, this option may require a moderate increase of UE capability, but the requirements are much lower than needed for the CA-based approach (i.e., Option 1.1) and are associated with much less standardization (especially RAN4 related) effort.
· Option 2: UE performs RRM measurements on some configured CCs using gaps

Such UEs are not capable of receiving PDSCH from all configured CCs simultaneously. Therefore, they may access more carriers via the CS-based approach but not the CA-based approach. However, the UEs may still be capable of performing RRM measurements on all configured CCs, provided that measurement gaps are used.

For example, if the UE is configured with 10 CCs but it can receive from at most 5 CCs at the same time, measurement gaps may be used for RRM measurement for some Scells. One could simply reuse existing measurement gaps for these measurements (though it may not be preferred from the performance and network operational flexibility perspectives), but further enhancements can also be considered such as configured measurement gaps specifically for Scells. For example, the UE may be receiving from 5 CCs out of the configured 10 CCs, but for every x subframes, the UE  interrupts on the 5 receiving CCs and switches to the other 5 CCs for RRM measurements for about several subframes. Since this does not require the UE to receive on all configured CCs at the same time, it involves much less RF requirement related issues and the standardization (especially RAN4 RF requirement related effort) should be done much faster than to support for the CA-based approach. However, the use of the gaps causes interruptions in communications, which may not be desirable from a throughput performance perspective and further study can be considered. The main standards impact may be to configure a UE to perform RRM measurements on a Scell using gaps, which should not be considered as significant. 
Thus, this option may not require any increase of UE capability, and requires rather small standards support.
· Option 3: UE/network rely on alternative measurements for some configured CCs (for LAA, especially)

Such UEs are not capable of receiving PDSCH from all configured CCs simultaneously. Therefore, they may access more carriers via the CS-based approach but not the CA-based approach. Direct measurements on all configured CCs may not be needed; measurements on a subset of CCs may be sufficient. For example, if the UE is configured with 10 CCs but it can receive from at most 5 CCs at the same time, the network may not configure the UE to report RRM measurements for some CCs, but rely on RSRP measurements for other CCs within the same band since generally the RSRP on one CC can be derived from the RSRP on an intra-band CC. Though RSRQ is not available for these CCs, in the case of LAA CCs, the network generally has reasonable estimates of the interference for these CCs through sensing. 

This may not require any increase of UE capability, and requires rather small standards support.
These options may be combined. It can be seen that these options offer different ways to perform RRM measurements for more than 5 configured carriers, and they require different UE capability and lead to different RF requirements and standards impacts. It is suggested to further study these options in the WI.
Observation 5: Various options for performing RRM measurements for more than 5 configured carriers exist and further study is suggested.
4 Preliminary considerations for UL

The preceding discussions are mainly from DL perspective. However, carrier switching/selection can also be applied for UL so that the UE can utilize more UL carriers over time. Similar to the DL case, reducing the transition times for the switching is beneficial. The benefits of carrier switching/selection and reducing the associated transition times for UL may be more pronounced than those for the DL, since it is not uncommon that a UE can transmit on only one or a very small number of UL carriers at the same time.
The UE may maintain the connections with all configured UL carriers which can be more than the number of carriers it can simultaneously transmit. For each of the connections, the UE receives UL-related RRC configurations (e.g., UL carrier bandwidth, carrier frequency, power control/RACH/SRS configurations, etc.), and maintains the timing advance, pathloss, and etc., to facilitate carrier switching/selection.

Observation 6: It is beneficial for a UE to be configured with more UL carriers than the number of carriers it supports simultaneous transmission.

5 Conclusion

In this contribution, it is proposed to consider in this WI the enhancement of increasing the carriers configured for a UE beyond 5 carriers, which facilitate carrier switching/selection (CS) and can serve as an intermediate milestone leading to the ultimate goal of the enhancement of the carrier aggregation beyond 5 carriers. The followings are observed:

Observation 1: The CS-based approach is less challenging and can be made available sooner than the CA-based approach for a UE to use an increased number of carriers. 

Observation 2: The CS-based approach is less challenging and can be made available sooner than the CA-based approach for a low-category CA-capable UE to use an increased number of carriers.
Observation 3: The CS-based approach can be enhanced by configuring a UE with more than 5 component carriers. 

Observation 4: From measurement performance and network operational flexibility perspectives, it is preferred to configure a carrier as a Scell than to leave it as an inter-frequency neighbour cell.
Observation 5: Various options for performing RRM measurements for more than 5 configured carriers exist and further study is suggested.
Observation 6: It is beneficial for a UE to be configured with more UL carriers than the number of carriers it supports simultaneous transmission.

Based on the discussion, the following proposal is given: 
Proposal: Allow the number of component carriers configured to a UE to be larger than that specified by the UE capability of simultaneous data reception/transmission.
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