3GPP TSG RAN WG2 #68
 
R2-096768
Jeju, Korea, 9 – 13 November 2009
Agenda Item:
7.3.7
Source: 
ZTE
Title: 
Mapping of logical channels to component carriers
Document for:
Discussion and Decision
1 Introduction 
In this contribution, how to deal with the mapping between logical channels and component carriers for uplink dynamic scheduling is discussed.
2 Discussion
2.1 New requirement of mapping logical channels to CCs
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 consider. 

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 perform the mapping between logical channels and component carriers through 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. Generally, 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 carriers;

       - Multiple logical channels map to one component carriers;

       - One logical channel maps to multiple component carriers;

Besides the principles in LTE Rel-8, some additional principles for uplink dynamic mapping between logical channels and CCs can be anticipated.

2.2 Potential principles of mapping logical channels to CCs

For UL dynamic mapping of logical channels to CCs, there are some possible solutions, as discussed follows:
· Option1: Just adopt LTE Rel-8 principle, nothing new is introduced.

It’s the easiest way to handle the mapping between logical channels and CCs. The UE doesn’t care the channel characteristics differences of the resources in multiple CCs. CCs are mapped to the logical channels sequentially in the CC index order or in a random manner, the logical channel with the highest priority obtains resources first.

Figure 1 shows the mapping mode in LTE Rel-8 principle. For discussion convenience, we only consider the one-to-one mapping form mentioned above.
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Figure 1: Mapping resource of CCs to logical channels with LTE Rel-8 mechanism
Pros: low implementation complexity.
Cons: The characteristics of carrier aggregation are neglected and no any enhancements are introduced. Furthermore, there is big probability that the CC with better demodulation performance is mapped to the logical channel with lower Qos requirements, or the CC with worse demodulation performance is mapped to the logical channel with higher Qos requirement. Obviously it will lead to great throughput decreasing and user dissatisfaction.
It’s worth noticing that the channel characteristics may be different between each CCs. The demodulation performance of the resources allocated for different CCs are generally different. Besides that, the Qos requirements of multiple logical channels are various. So it’s possible to introduce some enhancements for the logical channel prioritization procedure to handle the mapping relation between Logical channels and CCs.

Proposal 1: Some enhancements are needed for the logical channel prioritization procedure to improve the uplink performance.
· Option2: introducing some new principles into logical channel prioritization procedure.

Some current information from eNB may be helpful for UE to distinguish the demodulation performance differences between multiple CCs and make a proper decision on how to deal with the mapping relation of logical channels and CCs. 

For example, MCS level may be somewhat appropriate, it could represent the channel quality of resource to a certain extent. In a rough manner, we could consider that the channel quality of resources is better if the corresponding MCS level is higher.

Based on the above analysis, a new principle is to be introduced into logical channel prioritization procedure:

· The resource with high MCS level should be allocated to the logical channel with high packet error rate (PER) requirement.

Figure 2 shows an example of mapping logical channels to CCs based on this principle.
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Figure 2: Mapping resource of CCs to LCHs with the introduction of new principle 
In figure 2, it can be seen that the priority and PER requirement of LCHs are both reasonably served by introducing new principle in logical channel prioritization procedure, the UE throughput and traffic satisfaction can be improved to a certain extent.

Pros: Increased complexity for implementation is limited. System performance can be improved.
Cons: Current information is still not enough for UE to make the best decision for the mapping relation of logical channels and CCs. Although MCS level is related with channel quality in some degree, it still can not exactly represent the demodulation performance of the corresponding resource. For example, assuming that the MCS levels of resources of two CCs are same, there still may be big error probability difference between them even if the SNR difference is small. Figure 3 illustrates a link level simulation result of one MCS level, from which we could 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 logical channels and lead to UL throughput decreasing and user dissatisfaction.

· Option3: Introducing some new principles into logical channel prioritization procedure and some new information from eNB to assist the new principles.

Based on above analysis, it could be concluded that the current information is not enough for the mapping decision, and some new additional information are needed to reflect the demodulation performance of CCs more accurately.

Considering that the demodulation performance of resource relates to both MCS level and SNR, the SNR level could be a potential factor. For example, in figure 4, assuming that LCH1 corresponds to a real time traffic (video stream) and its packet error rate requirement is not strict (for example, 5%), LCH2 corresponds to a non-real time traffic (FTP uploading) and its packet error rate 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. It is possible to carry SNR level info in UL grant.
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Figure 4. A proper mapping of CCs to LCHs
Pros: UL CCs with different demodulation performance of resources can be mapped to their most suitable LCHs according to their Qos requirements. UL throughput and user satisfaction can be improved greatly.
Cons: Additional information from eNB needs to be introduced which leads to more control signalling overhead.

Based upon above analysis, we suggest:

Proposal 2: Some new principles, and/or some new information from eNB are needed to assist the UE for the mapping of logical channels onto component carriers.
3 Conclusion 
In this contribution, we have discussed the issue of mapping logical channels to component carriers in CA. The following are proposed:
Proposal 1: Some Enhancements are needed for the logical channel prioritization procedure to improve the uplink performance.

Proposal 2: Some new principles, and/or some new information from eNB are needed to assist the UE for the mapping of logical channels onto component carriers.
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5 Annex: Simulation results
Analysing of Option 1~3:
In the carrier aggregation configuration, UE may receive UL grants for multiple CCs. The MCS, SNR and expected demodulation performance (e.g. PER or BLER) indicated in the UL grants may be the same or different. Considering multiple services configured for multiple logical channels (LCH), there should be a most appropriate mapping relationship between logical channels and CCs, which can achieve the maximum UE throughput. 
According to current definition of DCI format, PER is not included in the grant and only known by the eNB. eNB can measure the channel quality (e.g. SNR) of UL CCs for the UE, choose PRBs of the appropriate SNR from CCs according to the QoS requirement of a LCH. eNB also chooses the appropriate PER according to the QoS requirement of a LCH, and decide the MCS level of the PRBs according to the SNR and PER. So the eNB knows the PER of the PRB allocated for the UE.

Assuming there are 2 kinds of traffics for the UE: Video conferencing service in LCH1 whose PER requirement is 2%; and FTP service in LCH2 whose PER requirement is 0.1%. Two UL CCs are configured. In a certain TTI, UL grants for the 2 CCs are: 
Grant for CC1: 64QAM, 3/4 coding rate, PER = 0.01%;
Grant for CC2: 64QAM, 3/4 coding rate, PER = 2%; 
In this scenario, it is clear that the appropriate allocation result is to assign grant of CC1 to LCH2, and assign grant of CC2 to LCH1, so to guarantee the QoS requirement of the LCHs. However, neither Option1 nor Option2 can tell which grant is more appropriate for a LCH than the other. It is possible that Grant for CC1 is allocated to LCH1, and Grant for CC2 is allocated to LCH2. If option 1 is used, UE can not know which grant is more appropriate for a LCH. If the UE allocates resources by a random or fixed order of the CCs, there will be a big probability that an inappropriate allocation relationship is chosen.  If option 2 is used, the UE can not know which CC is more appropriate for a LCH either since the MCS levels of the 2 CCs are the same. Also there is a big probability for a wrong decision. And even if the MCS levels of the 2 CCs are the same, depending on MCS level solely can not tell what PER performance can be achieved, so an inappropriate allocation may also occur.  If option3 is used, eNB could include the SNR related information in the UL grant so that the UE could know what allocation can achieve the PER performance according to the SNR and MCS and choose the appropriate mapping relationship. 
If inappropriate allocation is chosen, it may result in high retransmission probability for LCH2, and the eNB may reduce MCS level for CC2 for the next scheduling opportunity, result in reduced user throughput. eNB may also inform the UE to increase its transmission power based on some power control algorithm. Supposing the baseline transmission power of the 2 CCs are the same. If the UE supports CC specific power control, UE’s total transmission power will be increased for 13% with 1dB power increment of one of the 2 CCs. If the UE does not support CC specific power control, UE’s total transmission power will be increased for 26% with 1dB power increment of one of the 2 CCs.
On the basis of the above simple scenario, it can be deduced that the more grants are allocated simultaneously for a UE, the higher probability for the UE to choose an inappropriate allocation relationship if option1 or option2 is used. 
To further analyze the performance differences among the 3 options, some system level simulation can help for the evaluation. 
Simulation assumption:
Scenarios and parameters for the simulation are shown in the following table 1.
Table 1

	Parameter
	Value

	Site Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site and wrap-around

	Site-to-site distance
	500 m

	Carrier frequency
	2GHz

	Frequency re-use
	1

	Operating Bandwidth
	5MHz for each component carrier;

	Traffic Type
	FTP , Video Conferencing, Traffic model is based on R1-070674

	Distance-dependent pathloss
	L=128.1 + 37.6log10(.R), R in kilometres, L in dB(2GHz)

	Lognormal shadowing
	Gudmundson Model in UMTS 30.03, B 1.4.1.4 [3]

	Shadowing Standard Deviation
	8dB

	Correlation distance of shadowing
	50m

	Shadowing correlation between cells
	0.5

	Shadowing correlation between sectors
	1.0

	Penetration loss
	20dB

	Horizontal antenna pattern for 3-sector cell sites with fixed antenna patterns
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	User location
	Uniformly dropped in entire cell,  10UEs/Sector for Full Buffer model

	Minimum distance between UE and cell
	>= 35 meters

	Total BS Tx power
	46dBm (40W) for 10MHz bandwidth and 43dBm for 5 MHz bandwidth

	BS antennas  
	2 for Rx and Tx(5dB noise figure,14dBi BS antenna gain plus cable loss)

	UE Tx power
	23dBm (200mW) total

	UE antennas
	2 Rx antennas, 1 Tx antenna, 0dBi antenna gain, 9dB noise figure

	UE antenna configuration
	Cross-polarized 

	Channel Model consideration
	SCME spatial correlation channel  

	Scheduler
	The proportional fair scheduler

	Inter-cell PC or interference coordination method
	No inter-cell PC

	SPS 
	no


Simulation results:
UE’s UL frequency efficiency cumulative distribution statistics (CDF) is shown in figure 1.
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Figure 1
Note: A coordinate (x, y) represents the percentage of UEs (y%) below x for the UL spectrum efficiency. From the fighre, it can be seen that the relationship of UE’s UL spectrum efficiency for the 3 options is: option1 < option2 < option3.
Comparison of the average user throughput for Option1~3 is shown in Table 2. From the results, it can be seen that the gain for user throughput by option3 is significant.
Table 2
	
	Option1
	Option2
	Option3

	Average user throughput and Spectrum efficiency
	0.95Mbps

0.095 bps/Hz/user
	1.01 Mbps

0.101 bps/Hz/user
	1.12Mbps

0.112bps/Hz/user

	Performance improving relative to option1
	
	6.3%
	17.9%


Figure 2 shows the power saving performance of the 3 options from CDF curve of UE’s total transmission power. It can be seen that the relationship of UE’s power consumption for the 3 options is: option1 > option2 > option3.
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Figure 2

Table 3 lists the power consumption of the 3 options. It can be seen that option3 can reduce UE’s power consumption significantly compared with option1 and option2.
Table 3
	
	Option1
	Option2
	Option3

	Average user Tx Power
	17.7014   mW   
	16.2768 mW
	15.0364 mW

	Tx Power consumption saving relative to option1
	
	8.7%
	17.7%


In addition, option3 has more significant performance improvement with more aggregated CCs. Table 4 shows mixed services (VoIP, FTP, gaming, Video stream; traffic model is based on R1-070674) scenario with 2 CCs, 3 CCs, and 5 CCs respectively. For option3, UE chooses the most appropriate UL grant for the LCHs and have better performance than option1 and option2. In the scenario of more aggregated CCs and complexity traffic model, the gain is more significant.

Note: In Table4, with the number of CCs increased, the average spectrum efficiency encounters a small reduction. The reasons mainly lie on two aspects: UE’s power spectrum density rating decreases (UE’s transmission power rating remains the same as 200mW, it does not increase with the number of CCs increased.). UE’s header overhead increases with the traffic types increased.
Table 4
	
	2CCs
	3CCs
	5CCs

	Average user Spectrum efficiency of option1
	0.095 bps/Hz/user   
	0.092 bps/Hz/user
	0.088 bps/Hz/user

	Average user Spectrum efficiency of option2
	0.101 bps/Hz/user
	0.099 bps/Hz/user
	0.095 bps/Hz/user

	verage user Spectrum efficiency of option3
	0.112bps/Hz/user
	0.109bps/Hz/user
	0.105bps/Hz/user

	Performance improving of option3 relative to option1
	17.9%
	18.5%
	19.3%
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