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1
Introduction 
When multiple UL grants are available for a TTI in carrier aggregation, mainly two options for logical channel prioritization procedure (LCP) are feasible: Option 1) applying Rel-8 LCP for each UL grant sequentially; Option 2) applying Rel-8 LCP for the sum of all available UL grants. Merits and demerits for both options, as well as some potential adaptations for Rel-8 LCP have been analyzed by some contributions from the previous meetings [1~6].
For both options, the processing order of available UL grants should be considered. For option 1, the Rel-8 LCP is applied for each UL grant independently one by one, different sequence of processing order results in different resource allocation for logical channels (LCH). Higher priority LCHs will consume the earlier processed UL grants according to Rel-8 LCP token bucket algorithm. For option 2, the Rel-8 LCP is applied to all available UL grants first regardless of the order of UL grants. After the UL resource capacities for LCHs in decreasing priority order have been calculated, the mapping of LCHs and their corresponding UL grants to be allocated should be determined.
The determination of UL CC (component carrier) order in distributing UL resources to LCHs should respect Rel-8 principles e.g. maximizing the transmission of data, avoiding excessive segmentation of RLC SDUs etc. These principles also reflect many other aspects to be considered, e.g. radio conditions of the UL CCs, capacity of the UL grants, QoS requirements and buffer status of the LCHs etc.
This contribution aims to deal with the general issue of UL grants allocating order corresponding to LCH priority order, i.e. LCH to CC mapping issue.
2
Discussion
3 alternative solutions for LCHs to CCs dynamic mapping are described below. LCHs are handled in decreasing priority order for all the alternatives. 
Alternative 1: UL grants are allocated to LCHs in configured CC index order or a random manner regardless of the CC radio conditions and QoS requirements of the LCHs. 
The demodulation performance of the resources allocated for different CCs are generally different. The Qos requirements of different LCHs are generally various. With this solution, it is probable that a CC with better demodulation performance is mapped to a LCH with lower Qos requirements, or a CC with worse demodulation performance is mapped to a LCH with higher Qos requirement. It may lead to throughput decreasing and user dissatisfaction. 
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Figure 1: Mapping resource of CCs to LCHs regardless of CC radio conditions
Figure 1 shows this kind of solution. For the convenience of description and comparison, only the one-to-one mapping examples are illustrated for this solution and other alternative solutions.
Alternative 2: UL grants with high MCS level are allocated to the LCHs with high PER requirement. 
MCS level can be used to deduce the demodulation performance of CCs. The higher the MCS level is, the better demodulation performance can be expected. High LCH priority does not necessarily mean high PER requirement, so UL grant with low MCS level may be allocated to LCH with high priority. UE throughputs and user experiences can be improved to a certain extent. Figure 2 shows an example of such solution.
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Figure 2: Mapping resource of CCs to LCHs according to MCS level and corresponding QoS requirements
Although MCS level can indicate channel quality in some degree, it still can not exactly represent the demodulation performance of the corresponding resources. For example, the error probability difference between 2 CCs with the same MCS level may still be large even if the SNR difference is small. Figure 3 depicts a link level simulation result of one MCS level, from which we can see that the maximum BLER difference corresponding to 0.1dB SNR difference is over 20%. 
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Figure 3: A link level simulation result of one MCS level
That is to say, even though the MCS level in a UL grant of UL_CC1 is higher than that of UL_CC2, UE still can’t exactly decide which CC has better demodulation performance, which may bring inappropriate mapping between CCs and LCHs and lead to UL throughput decreasing and user dissatisfaction.
Alternative 3: Some additional information e.g. SNR signalled from the eNB is used in combination with MCS level to determine the UL grant allocation order.
MCS level and SNR level together may reflect the demodulation performance of CCs more accurately. For example, in figure 4, assuming that LCH1 corresponds to a real time traffic (video stream) and its PER requirement is not strict (for example, 5%), LCH2 corresponds to a non-real time traffic (FTP uploading) and its PER requirement is high (for example, 0.1%). Assuming that the MCS levels of resources in two UL CCs are same, and the SNR level of resource in CC1 is higher than that in CC2, it’s natural to deduce that the demodulation performance of resource in CC1 is higher than that in CC2. So it’s reasonable to map CC1 to LCH2 and map CC2 to LCH1. 
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Figure 4: SNR combined with MCS level are used to determine the mapping of CCs to LCHs
With this solution, UL CCs with different demodulation performance of resources can be mapped to their most suitable LCHs. UL throughput and user experience can be further improved.
Proposal 1: Distribution order of UL resources to LCHs is one of the essential aspects impacting LCP performance for carrier aggregation.
Proposal 2: MCS level and/or some other information e.g. SNR signalled from eNB can be used to determine whether an UL grant for a CC can meet the QoS requirements of a LCH more accurately.
3
Conclusion 
In this contribution, we have discussed the issue of mapping LCHs to CCs for LCP in CA. The following are proposed:
Proposal 1: Distribution order of UL resources to LCHs is one of the essential aspects impacting LCP performance for carrier aggregation.
Proposal 2: MCS level and/or some new information e.g. SNR signalled from eNB can be used to determine whether an UL grant for a CC can meet the QoS requirements of a LCH more accurately.
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		SNR(dB)		QPSK,78/1024

		-8.2		0.6849

		-8		0.5988

		-7.8		0.3861

		-7.6		0.2032

		-7.4		0.1005

		-7.2		0.0425

		-7		0.0092
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QPSK,120/1024

SNR(dB)

BLER

0.78125

0.6993

0.45662

0.28249

0.15198

0.08019

0.03286

0.01053
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