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1.
Introduction
In this contribution, scheduling related RAN2 issues are discussed for carrier aggregation.
2.
Discussion
2.1.
Mapping of logical channels to CCs for uplink dynamic scheduling 
With the introduction of carrier aggregation in LTE-A, an issue of mapping different traffics from multiple logical channels onto multiple component carriers (CCs) is raised. It was agreed in RAN2 that no static mapping or restriction of HARQ entities that can be used by a given logical channel. How to map logical channels to component carriers dynamically is still a problem to solve. 
In the downlink, it is eNB scheduling decision to perform transmission of user traffic from different logical channels onto different component carriers. In the uplink, the UE needs to do the mapping between logical channels and component carriers by performing logical channel prioritization procedure for a new transmission.

For UL grant on a component carrier in a certain TTI, the UE may choose data from one or more logical channels for transmission. Data from one logical channel may also be transmitted on more than one component carriers according to available UL grants for the component carriers. The mapping relationship may consist of one or more of the following forms in a dynamic manner for a TTI:
    - One logical channel maps to one component channel;

    - Multiple logical channels map to one component channel;

- One logical channel maps to multiple component channels;

- Multiple logical channels map to multiple component channels;
In LTE, the logical channel prioritization procedure is based on single carrier. For multiple component carriers, current mechanism is not enough for the UE to do the procedure for an optimised performance. Additional information is needed to assist the UE to make decision. 
PER is a potential factor to be considered. For example, in figure 2, assuming there are 2 UL component carriers configured for a UE. UL data of different QoS requirement arrive in 2 logical Channels. It is expected that logical channel with data of higher PER requirement be mapped onto the component carrier with better demodulation performance in order to meet the QoS requirement for the service in the logical channel. Current mechanism lacks such information, e.g. MCS solely can not express which component carrier has better demodulation performance. It is possible to carry this information on UL grant.
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Figure 1: UE distributes resource to multiple LCHs based on assisted info from eNB
Proposal 1:  Additional information from eNB is needed to assist the UE to perform the mapping of logical channels onto component carriers.
2.2.
Multi-pattern Semi-Persistent Scheduling
In Rel-8, at most one SPS pattern for each direction (FDD) is allowed. The semi-persistent resource is allocated for the UE rather than for the intended services, e.g. VoIP. If several services are appropriate to be scheduled in a semi-persistent way in a direction. Only one period and one kind of semi-persistent resource have to be defined for these services considering their QoS characteristics altogether. It is not optimised for radio resource utilization. Semi-persistent resource may be more than necessary in some occurrences, while in some other occurrences of semi-persistent resource, dynamic scheduling may have to be relied on to override the SPS.

For carrier aggregation, each component carrier has its HARQ entity and can be scheduled independently. It is possible to configure multiple patterns in a direction without increasing complexity.  It is compatible with Rel-8 and beneficial for radio resource usage efficiency. SPS can be configured for a subset of the component carriers, each component carrier with one pattern. Different period and different kinds of semi-persistent resource can be configured for these component carriers considering different QoS requirements of services. It is also possible to implement a fixed mapping of some logical channels on these component carriers to facilitate SPS processing. It is beneficial for DRX operation to align the occurrence of multi-pattern SPS on different component carriers. For TDD, multi-pattern SPS across multiple component carriers alleviate the need of 2-interval SPS configuration in UL on a single component carrier, since the 2- interval SPS configuration can also be implemented between 2 component carriers. Figure 1 shows an example of multi-pattern SPS configuration. Two different patterns are defined for DL component carrier 1 and DL component carrier 2. One pattern is defined for UL component carrier 1.

Proposal 2: Multi-pattern SPS can be introduced for carrier aggregation.
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                               Figure 3: an example of multi-pattern SPS configuration

2.3.
Buffer Status Reporting
With the supporting of extended bandwidth and higher data rate in LTE-A, the maximum buffer size of LCG should be increased. Correspondingly, the buffer size index and/or buffer size value needs to be extended. Following alternatives are possible:
Alt 1: keeping buffer size index as 6 bits, redesign buffer size value or granularity for each index from 0 to 63;

Alt 2: increasing buffer size index from 6 bits to 7 bits or more, keeping current buffer size level table from index 0 to 63, adding new index and corresponding buffer size value after index 63;

Both alternatives are not compatible with Rel-8, new signalling (common or dedicated) is needed to indicate which buffer size level table should be used by the UE.

It is worth noticing that the buffer size range of high level indices should be finer than that in LTE Rel-8, otherwise it will lead to more inaccurate resource allocation. For example, in LTE Rel-8 buffer size level for BSR table[2], the buffer size range of level 62 is “128125 < BS <= 150000”. For the worst case, the UE only has 128125 bytes to transmit and reports a BSR of level 62, eNB possibly allocates resources for 150000 bytes, wasting 21875 bytes resource. In LTE-A system, bandwidth is up to 100MHz, which means eNB will have more chances to allocate more than enough resources to a single UE if too coarse high level buffer size granularity is used.
Proposal 3: BSR table needs to be extended and the buffer size granularity of high level indices should be finer than that in LTE Rel-8.
If regular BSR or periodic BSR is triggered and more than one LCG has data available for transmission in the TTI where the BSR is transmitted, but UL resource granted for a component carrier is not enough to accommodate a long BSR in a subframe, it is possible to report “truncated BSR” on multiple component carriers which has available UL resources, the combination of these “truncated BSR” is an integrated long BSR. It is efficient to utilize dispersed resources and reduce scheduling delay. The format of “truncated BSR” can also be redesigned to accommodate data from more than one LCGs.
Proposal 4: It is efficient to report reformulated multiple “truncated BSR” in multiple CCs if UL resource on a component carrier is not enough for the transmission of a long BSR.

2.4.
Power Headroom Reporting
In carrier aggregation, PHRs for different component carriers may be triggered and reported independently. It is a straightforward solution to report the PHR only on the corresponding component carrier. Delay may be unavoidable due to lack of UL resource to report the PHR on that component carrier. Considering the UL resource availability for the component carriers, it is possible to report PHR triggered for a component carrier on any component carrier which has available UL resource. If multiple PHRs for multiple component carriers are triggered in a subframe, it is also possible to report multiple PHRs on one component carrier according to the available UL resources. If PHR for a component carrier needs to be reported on other component carriers, identification for the PHR is needed to indicate which component carrier it is for.
Proposal 5: PHR for a component carrier can be reported on any component carriers according to availability of UL resources.
2.5.
TTI bundling
Different component carriers may have different uplink coverage. So component carrier specific TTI bundling configuration and operation is a straightforward solution. TTI bundling can be configured for a subset of the UL component carriers, and can be enabled or disabled at different timing.

Proposal 6: Component carrier specific TTI bundling configuration is proposed.

3.
Conclusions
In this contribution, we have discussed some scheduling related issues in carrier aggregation. The following are proposed:
Proposal 1:  Additional information from eNB is needed to assist the UE to perform the mapping of logical channels onto component carriers.

Proposal 2: Multi-pattern SPS can be introduced for carrier aggregation.

Proposal 3: BSR table needs to be extended and the buffer size granularity of high level indices should be finer than that in LTE Rel-8.

Proposal 4: It is efficient to report reformulated multiple “truncated BSR” in multiple CCs if UL resource on a component carrier is not enough for the transmission of a long BSR.
Proposal 5: PHR for a component carrier can be reported on any component carriers according to availability of UL resources.
Proposal 6: Component carrier specific TTI bundling configuration is proposed.
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