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1 Introduction
The Uplink Capacity Enhancements for LTE Work Item [1] specifies the introduction of 256QAM support for the PUSCH. The support of 256QAM shall be specified in a generic manner for both licensed and unlicensed spectrum. Focus of the work should be specific to the support of small cell deployments or deployments with eNB with many receive antennas. The objectives are

· Introduce new MCS table and signaling to support 256QAM in UL [RAN1]

· Define applicable RRC signaling, UE capability and potential new UE categories [RAN2, RAN1]

· Introduce RF requirements for single carrier and for carrier aggregation on both licensed and unlicensed spectrum [RAN4].
In this document, we provide results from our study of link-level performance of 256QAM in UL. Based on our findings from this study, a candidate for the Rel-14 PUSCH MCS table with 256QAM support is provided in our companion contribution [2].
2 Rel-14 MCS table design for PUSCH supporting 256QAM 

The design of the new MCS table to support 256QAM in UL is discussed in detail in our companion contribution [2], in which we propose that the MCS table is designed by adjusting the modulation switching points of the Rel-12 PDSCH MCS table with 256QAM support and completely reusing the TBS designed for the PDSCH. In order to determine the modulation switching points we performed link-level analysis of 256QAM PUSCH. Based on our findings from this analysis, we have the following proposal:

Proposal 1

For Rel-14, the MCS modulation switching point between 64QAM and 256QAM for the PUSCH is

· 64QAM → 256QAM when the code rate is at least 0.87.
This proposal results in an MCS table design for PUSCH as shown (along with the MCS table for PDSCH) in Table 1. In the next section we present results from the link performance analysis that leads to our proposal.
Table 1 - MCS tables with 256QAM support
	
	Rel-12 PDSCH with 256QAM
	Proposed MCS for PUSCH with 256QAM support

	MCS 
Index
	Modulation
Order
	TBS
Index
	Modulation
Order
	TBS
Index
	Code Rate

	0
	2
	0
	2
	0
	0.0977

	1
	2
	2
	2
	2
	0.1571

	2
	2
	4
	2
	4
	0.2507

	3
	2
	6
	2
	6
	0.3654

	4
	2
	8
	2
	8
	0.4899

	5
	4
	10
	2
	10
	0.6152

	6
	4
	11
	4
	11
	0.3532

	7
	4
	12
	4
	12
	0.3988

	8
	4
	13
	4
	13
	0.4500

	9
	4
	14
	4
	14
	0.5013

	10
	4
	15
	4
	15
	0.5355

	11
	6
	16
	4
	16
	0.5688

	12
	6
	17
	4
	17
	0.6311

	13
	6
	18
	4
	18
	0.6921

	14
	6
	19
	4
	19
	0.7520

	15
	6
	20
	6
	20
	0.5420

	16
	6
	21
	6
	21
	0.5851

	17
	6
	22
	6
	22
	0.6283

	18
	6
	23
	6
	23
	0.6689

	19
	6
	24
	6
	24
	0.7104

	20
	8
	25
	6
	25
	0.7406

	21
	8
	27
	6
	27
	0.7715

	22
	8
	28
	6
	28
	0.8181

	23
	8
	29
	6
	29
	0.8648

	24
	8
	30
	8
	30
	0.6844

	25
	8
	31
	8
	31
	0.7202

	26
	8
	32
	8
	32
	0.7458

	27
	8
	33/33A
	8
	33A
	0.7566

	28
	2
	reserved
	8
	33
	0.8743

	29
	4
	
	reserved for retransmission
with rvidx = 1, 2, 3

	30
	6
	
	

	31
	8
	
	


3 Link Performance for PUSCH

The proposed switching point between 64QAM and 256QAM in the previous section is supported by the link performance test results in this section. The tests are based on 5 MHz bandwidth with 1×2 antenna configuration. The channels used for simulation are EPA at 3 km/hr and EVA at 30 km/hr. Realistic channel estimation is assumed at the receiver. Two scenarios are tested: 12 RBs with frequency hopping (FH) in Figure 1 and Figure 2, and 25 RBs without FH in Figure 3 and Figure 4. Simulation assumptions are also listed in Table 2. BLER curves in each figure are labeled with the modulation orders and code rates. In general, lower order modulations with higher coding rates are more often preferred over higher order modulations with lower coding rates by the SC-FDMA signal. The results indicate 64QAM should support code rates up to at least 0.87.
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Figure 1 - BLER comparison for different modulation order settings for 12-RB allocation with frequency hopping for the EPA channel
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Figure 2 - BLER comparison for different modulation order settings for 12-RB allocation with frequency hopping for the EVA channel
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Figure 3 - BLER comparison for different modulation order settings for 25-RB allocation without frequency hopping for the EPA channel
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Figure 4 - BLER comparison for different modulation order settings for 25-RB allocation without frequency hopping for the EVA channel

Table 2 – Simulation settings

	Parameter 
	Value 

	Carrier Frequency 
	2 GHz 

	System Bandwidth 
	5 MHz

	Number of Resource Blocks
Channel Model 
	12

25

EPA at 3 km/hr 

EVA at 30 km/hr

	Antenna Setup
	1 Tx, 2 Rx

	Retransmissions
	Off

	Channel Estimation
	Practical 


4 Conclusion
In this contribution we discuss the PUSCH MCS table design to support 256QAM in the uplink. We present link-level simulation results to determine the modulation switching point used for the design of the new MCS table for PUSCH, which is further discussed in our companion contribution [2]. We have the following proposal:
Proposal 1

For Rel-14, the MCS modulation switching point between 64QAM and 256QAM for the PUSCH is

· 64QAM → 256QAM when the code rate is at least 0.87.
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