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1
Introduction
In the last RAN1 meeting it was decided that one transport block (TB) and HARQ entity per component carrier is the baseline assumption for MAC to PHY layer mapping.  This implies independent MCS per component carrier.
In this document we compare two MAC to PHY mapping approaches: one TB and MCS per carrier and one TB and common MCS across carriers for the carrier aggregations of up to 20 MHz. 

2
Discussion 
The current baseline assumption for MAC to PHY layer mapping in LTE-Advanced multicarrier system is that one TB and HARQ entity with appropriate MCS is formed per component carrier. 
While this is the sensible solution when the bandwidth of the component carriers is larger than 20 MHz, for the case when the overall bandwidth of all component carriers is up to 20 MHz it is not so obvious. The thinking is that for the channels with low frequency selectivity it may be beneficial to have one TB and common MCS across all carriers (Figure 1) and explore larger frequency diversity. Since the aggregate bandwidth is assumed to be up to 20 MHz, the approach would not have the impact to Rel-8 numerology (e.g. the Rel-8 interleaver could be used). Also, the smaller DL grant overhead related to the MCS information would be incurred with the common MCS.
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Figure 1:
Single TB and common MCS across all carriers.
3
Simulation Results 

Table 1 describes the numerology and the resource allocation for the link throughput simulation.
	Slot duration
	0.5 ms

	Subframe duration
	1 ms

	Symbols / Subframe
	14

	FFT size
	512

	Tone spacing
	15 KHz

	Flat guard samples 

(Number of symbols)
	29 (4)

28 (3)

	Flat guard period 

(Number of symbols)
	3.78 µs (4)

3.65 µs (3)

	Window length 

(Number of samples)
	1.04 µs (8)

	Guard tones per symbol
	212

	RS Allocation
	See TS 36.211. [5]

	Data Allocation
	5RBs, 25RBs

	Sub-band size (CQI reporting unit)
	900 kHz (5 RBs), 4.5MHz (25 RBs)

	RB size
	180 kHz (12 tones)


Table 1
Evaluation Numerology 
Transmitter, channel, and receiver configurations are as follows:

· SIMO: 1x2

· Common RS structures in [5]

· Band-limited white interference and noise

· Channel model: Ped A
· Feedback delay for CQI – 3ms
· Generation of CQI – Modulation order constrained (up to 64QAM) capacity formula based effective SINR method averaging the MMSE output SINR of individual tones.
· Number of parallel H-ARQ processes – 8
· Maximum number of retransmissions – 4 (including the first transmission)

· Adaptive H-ARQ BLER control – 10% BLER target after the first transmission 

· Signal detection – LMMSE
· Wide-band scheduling
The figures below are obtained for the 20 MHz system. In one case single TB and MCS is used for the whole bandwidth (common MCS). In the other case there are four 5MHz bands (carriers), and one TB and MCS is used per band (independent MCS). Three different scenarios are considered:
· All carriers are of the same SINR

· Two out of four carriers have 5 dB lower SINR

· Two out of four carriers have 10 dB lower SINR. 
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Figure 2:
All carriers are of the same SINR
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Figure 3:
Two out of four carriers have 5 dB lower SINR
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Figure 4:
Two out of four carriers have 10 dB lower SINR
4
Summary 
In this document we compared two MAC to PHY mapping approaches: one TB and MCS per carrier and one TB and common MCS across carriers. We investigated the case when the overall bandwidth of all component carriers is up to 20 MHz and the channel has low frequency selectivity.

The link simulation results showed that one TB and common MCS across carrier underperforms the dedicated MCS per carrier approach. The difference is negligible for the scenario when all carriers have the same SINR level, and increases up to about 2 dB when two out of four 5 MHz carriers have 10 dB lower SINR. 
As a result, we recommend supporting only one type of MAC to PHY layer mapping in LTE-A, that is, one transport block (TB) and HARQ entity per component carrier, which is the baseline agreement from RAN1#55. 
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