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1 Introduction
The MAC to physical layer mapping for carrier aggregation was discussed in RAN1#55 [1] with the following two baseline options (Figure 1): 

Option 1:  one TB (transport block) and HARQ entity per component carrier 
Modified option 1: multiple TBs and HARQ entities, each TB can be mapped to multiple component carriers
As a conclusion, it was agreed to adopt option 1 as the baseline assumption and to further discuss based on the simulation results whether to generalize to the modified option1. 
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Option 1                                                          Modified option 1 

Figure 1 simplified processing chain
In this contribution, we evaluate the options for downlink with the following three simulation scenarios which model different system operation cases:  

· Scenario 1: an operation with a small number of UEs in the system where for each UE a large amount of non‑delay critical traffic is pending (e.g. home eNB, hotspot) 

· Scenario 2: an operation with a large number of UEs in the system with delay critical traffic (e.g. VoIP with semi-persistent scheduling) 

· Scenario 3: typical macro cell operation with the frequency scheduling 
2 Scenario evaluation
For all scenarios the following baseline assumptions are made:

· One component carrier comprises 100RBs (20MHz) 

· The maximum number of RBs per TB is set to 100 RBs

· For option 1, the RBs belong to a single 20MHz  component carrier

· For modified option 1, the RBs may belong to any component carrier

· The maximum number of TBs per UE is equal to the number of component carriers 

2.1 Scenario 1: LLS with dynamic link adaptation per TB 
The scenario models the case of a small number of UEs in the system where for each UE a large amount of non‑delay critical traffic is pending, e.g. home eNB or hotspot operation. Therefore, at a given subframe, a large amount of resources is allocated to a single UE. Since the small number UEs do not allow for multiuser diversity gain, the main potential for achieving a high throughput lies in an efficient link adaptation. This is possible, since each of the few UEs can provide relatively accurate CQI information due to sufficient uplink resources. Since the modified option 1 allows for mapping a TB on RBs with similar CQIs across the entire system bandwidth and the TB mapping for option 1 is restricted to a single component carrier, we evaluated whether modified option 1 can benefit from a more efficient link adaptation. 
Simulation assumption 

A 80MHz system bandwidth with 4 component carriers and an allocation size of 96 RBs per UE is assumed.  Each of the four TBs is mapped onto 24 RBs, which are mapped onto the system bandwidth according to Figure 2. In case of option 1, a TB is mapped within a component carrier. In case of modified option 1, the RBs are first sorted according to the SNR and each TB is mapped onto RBs with similar SNR. Since the MCS is selected per TB, the link adaptation efficiency is maximized by modified option 1.
Additional simulation assumptions are shown in Table 1.
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Option 1                                                          Modified option 1 

Figure 2 TB-to-RB mapping scheme

Table 1 Simulation assumptions for dynamic link adaptation
	Parameter 
	Value 

	System bandwidth 
	80MHz

	Number of TBs
	4 

	Number of RBs per TB
	24 

	Channel model
	Urban Micro (NLOS), Pedestrian-A(Pe-A)

	UE velocity
	3km/h

	Antenna configuration
	1Tx/2Rx

	HARQ
	CC with maximum 4 transmissions

	MCS
	Selected per TB per subframe (using ideal CQI)

	Channel estimation
	Ideal 


Simulation results 
Figure 3 shows the throughput performance for Urban Micro and Pe-A channel model. The throughput for modified option 1 is slightly higher in high SNR region. In general, the performance for option 1 and modified option 1 are very similar. The expected link adaptation efficiency for modified option 1 is not observed in the throughput performance. 
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(a) Urban Micro                                                                                          (b) Pe-A

Figure 3 Simulation result with dynamic link adaptation 
2.2 Scenario 2: LLS for frequency diversity transmission
This scenario models the case of a large number of UEs in the system with delay critical traffic. Therefore, a large number of UEs have to be scheduled within a single subframe. Taking into account the PDCCH and CQI overhead limitations in this case, we simulated frequency diverse allocations (based on wideband CQI), which could be allocated by semi-persistent scheduling (i.e. no fast link adaptation). This is evaluated by the BLER performance over averaged SNR. 

Simulation assumption 

We evaluated the BLER performance for the case of distributing the allocation of a TB across one, two, three and four component carriers, namely 20, 40, 60 and 80MHz, where distributing over 20MHz models option 1 and distributing over 40, 60 and 80MHz would be possible with the modified option 1. In order to model a VoIP SPS like scenario we simulated RB allocation sizes of 2 and 4 RBs. Moreover, as reference case also 96 RB allocations (single TB) have been simulated. 
Additional simulation assumptions are shown in Table 2. 
Table 2 Simulation assumptions for frequency diversity transmission
	Parameter 
	Value 

	System bandwidth 
	20, 40, 60, 80MHz

	Number of TBs
	1 

	Number of RBs 
	2, 4, 96 

	Channel model
	Urban Micro (NLOS), 3km/h

	Antenna configuration
	1Tx/2Rx

	HARQ
	No

	MCS
	QPSK R=1/3, 16QAM R=1/3

	Channel estimation
	Ideal 


Simulation results 
The gain at 10% BLER of 40, 60 and 80MHz allocations (modified option 1) compared to 20MHz allocations (option 1) is shown in Table 3. The actual BLER curves are shown in Annex A. For 2RB and 4RB cases, up to 1.2 dB gain is seen. 
Table 3 Gain of wider bandwidth compared to 20MHz (in dB) 
	
	QPSK R=1/3
	16QAM R=1/3

	
	40MHz
	60MHz
	80MHz
	40MHz
	60MHz
	80MHz

	2RBs
	0.6
	0.6
	0.7
	0.6
	0.6
	0.7 

	4RBs
	0.7
	1.2
	1.2
	0.5
	0.9
	-

	96RBs
	0.2
	0.7
	0.9
	0.2
	0.9
	1.2


2.3 Scenario 3: SLS with explicit PDCCH modeling
This scenario models the case of small, medium and large number of UEs with non‑delay critical traffic, where multiple UEs share the resources by the frequency scheduling. This models a macro cell like operation. The multiuser diversity gain and the PDCCH overhead are taken into account in the simulation. Similarly to LTE investigations this scenario is evaluated for a frequency selective scenario (TU channel) and for a less frequency selective scenario (Pedestrian A channel).
Simulation assumption 

System level simulations for 100MHz system bandwidth with explicit PDCCH modeling is carried out. In the simulation, the number of TBs per UE varies based on the result of RB allocation on a subframe basis. For option 1, the number of TBs (and also PDCCHs) per UE is equal to the number of component carriers in which RBs are assigned at a given the subframe. For modified option 1, the number of TBs (and also PDCCHs) per UE is decided based on the RB allocation size since the maximum RB allocation size for one TB is limited to 100 RBs. For example, one TB is transmitted when the total RB allocation size is less than 100 RBs, two TBs are transmitted when total RB allocation size is 101 to 200 RBs, and so on. A separate PDCCH coding per TB is assumed, i.e. the number of PDCCHs per UE is identical to the number of TBs. 
Table 4 and Table 5 provide the general simulation assumptions and the PDCCH related assumptions, respectively. Detailed assumptions are shown in Annex B. 
Table 4 General simulation assumptions 
	Parameter 
	Value 

	System bandwidth
	100MHz (20MHz x 5 component carriers)

	Carrier frequency 
	2GHz

	ISD
	500m

	Channel model
	TU, Pe-A (3km/h)

	Antenna configuration
	1Tx/2Rx

	Scheduler 
	Time and frequency selective Proportional Fair scheduler 


Table 5 PDCCH related assumptions
	Parameter
	Value

	PDCCH resource 
	1OFDM symbol for PDCCH (providing optimal system throughput for simulated scenarios)
70 CCEs available for DL allocations

	Resource / power sharing between PDCCHs
	Dynamic sharing between DL assignments

Number of PDCCHs with different MCS levels are adjusted dynamically according to allocated UEs and aggregated CCEs

No sharing between DL and UL assignments 

	PDCCH payload 
	55bits for DL, 44bits for UL 

	CCE aggregation sizes
	[1 2 4 8]

	CCE size
	36 REs

	PDCCH transmit power control
	(min/max offset) -6/+4 dB

	Control channel errors 
	Explicitly modeled for DL assignment 


Simulation results 
Figure 4 shows (a) cell throughput and (b) cell edge user throughput (5%-tile user throughput) for the TU channel across various load cases. The cell throughput for modified option 1 is up to 4% larger than for option 1 at high loads (40UEs/cell). This gain originates from the PDCCH limitation, which restricts the number of TBs/UEs which can be allocated per subframe. This restriction is more severe for option 1 since on average more PDCCHs are required than for modified option 1. However, the overall benefit of modified option 1 vs. option 1 is not significant, since the available PDCCH resources (CCEs) are sufficient for most loads even with one OFDM symbol control overhead.  
Figure 5(a) and (b) show the corresponding results for the Pe-A channel. The cell throughput for option 1 and modified option 1 is very similar, since the Pe-A channel is relatively flat (only one dominant path existing). Therefore, the achievable multi-user diversity gain is limited and the number of UEs assigned in a subframe is small (sufficient PDCCH resources are available). 
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(a) cell throughput                                                (b) cell edge user throughput 
Figure 4 Cell throughput and cell edge user throughput for TU
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                (a) cell throughput                                                (b) cell edge user throughput 
Figure 5 Cell throughput and cell edge user throughput for Pe-A
3 Conclusion
We evaluated the options for MAC to physical layer mapping which was discussed in RAN1#55, namely option 1 and modified option 1. The evaluations were carried out for the following three simulation scenarios:

· scenario 1: for an operation with a small number of UEs with non-delay critical traffic
· scenario 2: for an operation with a large number of UEs with delay critical traffic (e.g. VoIP with SPS) 
· scenario 3: for a typical macro cell operation. 

For scenario 1, although an efficient link adaptation is possible for modified option 1 due to the flexible TB-to-RB mapping, no gain of modified option 1 has been observed from link-level throughput results. 

For scenario 2, BLER performance was evaluated by link level simulation with Urban Micro model. A gain up to 1.2 dB is observed for modified option 1 in the simulation with 1Tx/2Rx antennas. On the other hand, requiring the UE to receive a relatively wide bandwidth for only small packets may not be efficient from UE power consumption perspective. 

Scenario 3 was evaluated by the system level simulation with frequency scheduling and explicit PDCCH overhead modeling. A cell throughput gain up to 4% for modified option 1 is observed for high loads because modified option 1 is advantageous from PDCCH overhead point of view, since less TBs/PDCCHs need to be transmitted. 
From the provided results, we observe gains from modified option 1 only in limited situations. 

It should be noted, that the evaluations target only at PDSCH transmission and mapping. The transmission and component carrier mapping for the PDCCH is FFS.  
References
[1] R1-084222, “MAC to physical layer mapping and control signaling for carrier aggregation”, Panasonic

Annex A: BLER curves for frequency diversity transmission 
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(c) 96RBs

Figure 6 BLER curves for 1Tx/2Rx 
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Figure 7 BLER curves for 2Tx/2Rx (SFBC) - 96RB 

Annex B: Detailed assumptions for SLS with explicit PDCCH modeling

	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 7cell sites, 3 cells per site, wrapped‑around

	Inter-site distance (ISD)
	500 m

	Distance-dependent path loss
	L = 128.1 + 37.6log10(R), R in kilometers

	Lognormal Shadowing 
	As modeled in UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between sites
	0.5

	
	Between cells per site
	1.0

	Penetration loss
	10 dB

	Carrier frequency
	2 GHz

	Bandwidth
	5 x 20 MHz = 100 MHz (effectively 5 x 18 MHz = 90 MHz)

	Subcarrier spacing
	15 kHz

	Resource block size
	180 kHz (12 subcarriers)

	Cyclic Prefix overhead
	7.1 % (short CP)

	Subframe duration
	1.0 ms

	Number of OFDM symbols per subframe
	14

	Channel model
	Pedestrian A (PeA), Typical Urban (TU)

	UE deployment
	4, 5, 6, 8, 20, 40 per cell (uniform random spatial distribution over cells)

	Minimum distance between UE and BS
	35 m

	Frequency reuse factor
	1

	Hybrid ARQ scheme
	Chase combining (asynchronous)

	Max number of hybrid ARQ retransmissions
	8

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern (horizontal)
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	Total BS TX power
	46 dBm 

	BS antenna gain (incl. cable loss)
	14 dBi

	BS transmitter
	1 antenna

	UE speed 
	3 km/h

	UE receiver
	2 antennas

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	CQI scheme
	Per subband feedback (1 subband = 1 RBG = 4 RB)

	CQI feedback delay
	2 ms

	CQI feedback cycle
	5 ms

	Link to system level interface
	EESM

	Traffic type
	Full buffer

	Scheduler
	Time and frequency selective Proportional Fair scheduler
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