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1. Introduction & Background
In RAN#65, a new Work Item on Uplink Capacity Enhancements for LTE was approved [1], which aims to enhance the uplink capacity of LTE by means of introducing uplink 256QAM, and supporting PUSCH transmission in UpPTS. According to [1], the work of UL 256QAM will start from this meeting and the specification of PUSCH in UpPTS will start from Q3 2016. In this paper, we mainly discuss on the design of UL 256QAM. 

In the WID [1], the objectives of the work of UL 256QAM that related to RAN1 include:
· Introduce new MCS table and signalling to support 256QAM in UL

· Define applicable RRC signalling, UE capability and potential new UE categories

In this contribution, we will provide three alternatives for UL 256QAM MCS table design, and analyze the pros and cons of the provided three methods.
2. Discussion on UL 256QAM MCS table design
2.1 Revisit on the UL MCS table design in Rel-8

Before going into the design of UL 256QAM MCS table, the UL MCS table design methodology in Rel-8 is revisited for reference [2]. During the Rel-8 phase, the MCS tables for the PUSCH is designed to be a subset of those for the PDSCH, but with some modification considering the following two aspects:  

(1) The numbers of REs per PRB of PUSCH is larger than the assumption of number of REs per PRB for PDSCH. Specially, for PUSCH, reference configuration of 12×12=144 REs per RB pair can be assumed. By contrast, the PDSCH MCS table was design based on a reference system configuration of 120 REs per PRB. If the PDSCH MCS and TBS tables are reused for the PUSCH directly, the spectral efficiency of PUSCH will be reduced, here the spectral efficiency can be interpreted as TBS/(N_PRB*Available RE per PRB). 
(2) It was observed in [2] that, compared with DL OFDM modulation, lower order modulations with higher coding rates are more often preferred over higher order modulations with lower coding rates by the UL SC-FDMA signal.
For the Rel-8 UL MCS design, the TBS tables designed for DL are reused for UL, and most of contents in the PDSCH MCS tables are reused for PUSCH without solving the spectrum reduction issue described in (1), while the modulation switching points were modified to address the aspect in (2). Specifically, in the first step, the PDSCH MCS and TBS tables are reused for the PUSCH directly. But considering that the numbers of REs per PRB of PUSCH (12×12=144 REs) is larger than the assumption of number of REs per PRB for PDSCH (120REs), the spectrum efficiency of PUSCH is lower than that of PDSCH with the same MCS. In the second step, considering the above mentioned aspect in (2), the modulation switching points (QPSK->16QAM, and 16QAM->64QAM) were modified for UL MCS table, i.e., the corresponding SNR value of modulation order switching point for UL is higher than that of DL, which is obtained by simulation. 
The benefit of the above mentioned design is its simplicity on reuse the TBS table designed for DL PDSCH. Nonetheless, the drawback of such design lies on that the UL capacity can not be fully exploit.  
2.2 Discussion on the design of UL MCS with 256QAM

During the Rel-12 WI on small cell enhancement, the DL 256QAM was specified, with a new MCS table addressing DL 256QAM being introduced, i.e., the Table 7.1.7.1-1A in TS36.213. In addition, some new TBS entries were added corresponding to the 256QAM, to increase the downlink spectrum efficiency. By considering the design of UL MCS table in Rel-8 and the DL MCS table designed for DL 256QAM in Rel-12, the following three design alternatives can be considered for the UL MCS table design with 256QAM.

· Alt. 1: Reuse the methodology of UL MCS in Rel-8 without introducing any new TBS entries. 
In this alternative, the UL MCS table can be designed mainly based on the DL 256QAM MCS table, with the same methodology for the design of UL MCS in Rel-8. In more details, for the first step, the PDSCH MCS with 256QAM and TBS tables are reused for the PUSCH with 256QAM directly. But considering that the numbers of REs per PRB of PUSCH is larger than the assumption of number of REs per PRB for PDSCH, the spectrum efficiency of PUSCH is lower than that of PDSCH with the same MCS. In the second step, the three modulation order switching points (QPSK->16QAM, 16QAM->64QAM, 64QAM->256QAM) can be modified for UL MCS table. The specific switching points needed to be acquired by simulation. 
Similar as the current UL MCS table without 256QAM, such design requires limited specification works, since the TBS table designed for DL PDSCH with 256QAM can be reused without any modification. While the cons comes from the limitation of UL spectrum efficiency. In addition, since lower order modulations with higher coding rates are more often preferred over higher order modulations with lower coding rates by the UL SC-FDMA signal than that of DL OFDM signal, the newly introduced 256QAM MCS candidates are less than that of DL of 256QAM.
· Alt. 2:  Introduce brand new design for UL MCS table and TBS tables with UL 256QAM.
In this alternative, the UL MCS table can be designed without any reference on the current DL 256QAM CQI, MCS and TBS table.  The design methodology can refer to that of DL MCS and TBS table design, which were discussed in Rel-8 [3].
Specifically, the UL SINR range may need to be firstly obtained by system-level simulation. Then new MCS table entries are required be designed with a larger difference between the supported spectral efficiencies covering the full SINR range. After that, a totally new TBS table with different entries compared to the existing table in TS 36.213 will need to be introduced. The design of new TBS should be carefully aligned with QPP sizes of the turbo code interleaver.
Such design may help for UEs with large range of SINR values to find a proper MCS. Nonetheless, it may cause performance degradation when the SINR range of the UE is small and does not vary quickly. In addition, more specification and additional testing efforts are needed to define the totally new tables. 
· Alt. 3:  Reuse the methodology of UL MCS in Rel-8 as starting point, with enhancing on the UL spectrum efficiency by introducing more TBS entries.  
In this methodology, step-based method can be considered, with the reuse of Rel-8 design principle as starting point, while introducing more enhancement to increase the UL spectrum efficiency:

(1) Step1, the PDSCH MCS with 256QAM and TBS tables are reused for the PUSCH with 256QAM, by modifying the spectrum efficiency considering the different number of REs in one PRB between DL and UL, i.e., reducing the reference spectrum efficiency of PDSCH by factor of 122/144=0.84. In this way, a maximum spectrum efficiency of 6.1719 for UL 256QAM MCS table is obtained according to the DL maximum spectrum efficiency of 7.4063. 
(2) Step2, in order to enhancing the UL spectrum efficiency, more spectrum efficiency entries can be introduced to reach same maximum spectrum efficiency of DL. The number of increased entries, e.g., N, and the corresponding space between two entries can be well designed. The example design is illustrated in Table I for more clear understanding. 
In this step, the linkage between TBS index and MCS index requires some optimization. During the design of UL 256QAM MCS table, it is suggested to reuse the current TBS table as much as possible. Nonetheless, some new TBS entries may need to be inevitably introduced to address the possible higher peak data of UL, due to more UL REs in one PRB than that of DL. In addition, the new transport block sizes introduced in hereby should follow the Rel-8 principle of QPP size alignment. 
(3) Step3, modify the three modulation order switching points (QPSK->16QAM, 16QAM->64QAM, 64QAM->256QAM) by the evaluation results. 
(4) Step4, down sample the obtained MCS tables to 29 entries, to meet the 5 bits MCS index load.
Comparing the above mentioned Alternatives, the Alt.3 can potentially enhance the UL spectrum efficiency and peak data rate than Alt.1, while introduce less specification works than Alt. 2. It is suggested to consider Alt.3 for further design of UL 256QAM MCS tables.
Proposal: Three Alternatives are discussed and analyzed for the design of UL 256QAM MCS table, which are listed as follows. Comparing the pros and cons of the three Alts, it is suggested to consider Alt.3 for further design of UL 256QAM MCS tables:

· Alt. 1: Reuse the methodology of UL MCS in Rel-8 without introducing any new TBS entries. 

· Alt. 2:  Introduce brand new design for UL MCS table with UL 256QAM.

· Alt. 3:  Reuse the methodology of UL MCS in Rel-8 as starting point, with enhancing on the UL spectrum efficiency by introducing more TBS entries.  

Table 1 Example reference spectral efficiency for PUSCH MCS design with 256QAM
	MCS
Index
	PDSCH
	PUSCH

	
	Modulation
Order
	Reference
Spectral
Efficiency
	Modulation
Order
	Reference
Spectral
Efficiency

	0
	2 
	0.2344
	2 
	0.195

	1
	2 
	0.377
	2 
	0.314

	2
	2 
	0.6016
	2 
	0.501

	3
	2 
	0.877
	2 
	0.731

	4
	2 
	1.1758
	2 
	0.9798

	5
	4 
	1.4766
	4 
	1.2305

	6
	4 
	1.69535
	4 
	1.4128

	7
	4 
	1.9141
	4 
	1.595

	8
	4 
	2.1602
	4 
	1.8002

	9
	4 
	2.4063
	4 
	2.005

	10
	4 
	2.5684
	4 
	2.1403

	11
	6 
	2.7305
	6 
	2.2754

	12
	6 
	3.0264
	6 
	2.522

	13
	6 
	3.3223
	6 
	2.7686

	14
	6 
	3.6123
	6 
	3.01025

	15
	6 
	3.9023
	6 
	3.2519

	16
	6 
	4.21285
	6 
	3.5107

	17
	6 
	4.5234
	6 
	3.7695

	18
	6 
	4.8193
	6 
	4.0161

	19
	6 
	5.1152
	6 
	4.263

	20
	8 
	5.33495
	8 
	4.4458

	21
	8 
	5.5547
	8 
	4.6289

	22
	8 
	5.8633
	8 
	4.8861

	23
	8 
	6.1719
	8 
	5.14325

	24
	8 
	6.4805
	8 
	5.4004

	25
	8 
	6.7891
	8 
	5.6576

	26
	8 
	7.0977
	8 
	5.91475

	27
	8 
	7.4063
	8 
	6.1719

	28
	
	
	 8
	6.1719+delta1

	29
	
	
	 8
	6.1719+delta2

	30
	
	
	…
	…

	31
	
	
	…
	…

	…
	
	
	…
	

	…
	
	
	 8
	7.4063


3. Conclusion
In this contribution, we discussed three alternatives for UL 256QAM MCS table design, and analyze the pros and cons of the provided three methods. Our proposals are as follows:
Proposal: Three Alternatives are discussed and analyzed for the design of UL 256QAM MCS table, which are listed as follows. Comparing the pros and cons of the three Alts, it is suggested to consider Alt.3 for further design of UL 256QAM MCS tables:

· Alt. 1: Reuse the methodology of UL MCS in Rel-8 without introducing any new TBS entries. 

· Alt. 2:  Introduce brand new design for UL MCS table and TBS tables with UL 256QAM.

· Alt. 3: Reuse the methodology of UL MCS in Rel-8 as starting point, with enhancing on the UL spectrum efficiency by introducing more TBS entries.  
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Appendix 
Table2 Reference spectral efficiency for Rel-8 PUSCH MCS  [2]
	MCS
Index
	Modulation
Order
	TBS
Index
	Reference
Spectral
Efficiency

	0
	2
	0
	0.20

	1
	2
	1
	0.25

	2
	2
	2
	0.31

	3
	2
	3
	0.41

	4
	2
	4
	0.50

	5
	2
	5
	0.62

	6
	2
	6
	0.73

	7
	2
	7
	0.86

	8
	2
	8
	0.98

	9
	2
	9
	1.11

	10
	2
	10
	1.23

	11
	4
	10
	1.23

	12
	4
	11
	1.41

	13
	4
	12
	1.60

	14
	4
	13
	1.80

	15
	4
	14
	2.01

	16
	4
	15
	2.14

	17
	4
	16
	2.28

	18
	4
	17
	2.52

	19
	4
	18
	2.77

	20
	4
	19
	3.01

	21
	6
	19
	3.01

	22
	6
	20
	3.25

	23
	6
	21
	3.51

	24
	6
	22
	3.77

	25
	6
	23
	4.02

	26
	6
	24
	4.26

	27
	6
	25
	4.45

	28
	6
	26
	4.63
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