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In RAN Plenary #75, the new WI of "Enhancements for High Capacity Stationary Wireless Link and Introduction of 1024 QAM for LTE" has been approved [1]. The main objectives on support of DL 1024 QAM are as follows:
· Study the feasibility and performance benefit, and if justified, specify support for 1024QAM for DL channels [RAN1, RAN4]
· Document the study result of feasibility and benefit in a TR
· If normative work starts, introduce new MCS table, signalling and CQI feedback to support 1024QAM for PDSCH
In this contribution, we mainly discuss the support of 1024QAM and standard impacts for DL 1024QAM.
Support of DL 1024QAM
With RAN4 recommendation on TX/RX EVM values, further evaluation are performed as in a companion contribution and the results are reproduced in Table 1. In addition, the evaluation results in [2] that are accordance to RAN4 recommendation are also summarized in Table 2. It can be seen from the results that
· For TDL-D channel, 2T4R/8R, 2.5% TX EVM and 2% RX EVM, 9.6~12.5% throughput gain can be achieved by 1024QAM.
· For TDL-D/E channel, 2T2R/4R/8R, 2% TX EVM, up to 22% throughput gain can be achieved by 1024QAM.
Therefore, considering that the scenarios of HCS that there are LOS link between UE/CPE and eNB and high gain antenna, significant performance gain can be achieved by supporting 1024QAM. Therefore, we propose,
Proposal 1: Support 1024QAM for PDSCH.
 
Table 1. Summary of throughput gain(percentage@40dB) in TDL-A/D
	TX/EVM                             RX/EVM
	1.5%
	2%
	3%
	4%

	2%(TDL-A, 2T4R)
	5.86%
	4.04% 
	no gain 
	no gain 

	2.5%(TDL-A, 2T4R)
	0.23%
	no gain 
	no gain 
	no gain 

	3%(TDL-A, 2T4R)
	no gain 
	 no gain 
	 no gain 
	 no gain 

	2%(TDL-A, 2T8R)
	8.14%
	7.84%
	5.54%
	3.05% 

	2.5%(TDL-A, 2T8R)
	6.97%
	6.64%
	3.89%
	no gain 

	3%(TDL-A, 2T8R)
	0.59%
	no gain
	 no gain 
	 no gain 

	2%(TDL-D, 2T4R)
	11.7%
	10.7%
	4.35%
	no gain 

	2.5%(TDL-D, 2T4R)
	11.3%
	9.6%
	1.2%
	no gain 

	3%(TDL-D, 2T4R)
	6.2%
	 1.8%
	no gain 
	no gain

	2%(TDL-D, 2T8R)
	12.5%
	12.5%
	12.5%
	12.5%

	2.5%(TDL-D, 2T8R)
	12.5%
	12.5%
	12.5%
	12.5%

	3%(TDL-D, 2T8R)
	12.5%
	 12.5%
	 12.4%
	11.3%


Table 2. Throughput gain for TDL channel[2]
	scenarios
	2% Tx, 1.5%Rx
	2% TX, 
2% RX
	3%TX, 0%RX
	3% TX,
1.5% RX
	3% TX, 3%RX

	TDL-A 10ns, TM9 2T2R, Fixed MCS
	
	
	6%@50dB
	0%@50dB
	-8%@50dB

	TDL-B, 10ns, 2T2R, TM4, Fixed MCS
	
	4.2% @46dB

	
	
	

	TDL-B, 10ns, 2T8R, TM4, Fixed MCS
	
	4.2%@26dB
	
	
	

	TDL-D, 100ns, 2T2R, TM4, Fixed MCS
	
	4.2% @46dB

	
	
	

	TDL-D, 100ns, 2T8R, TM4, Fixed MCS
	
	4.2%@26dB
	
	
	

	TDL-A 100ns, 2T2R, TM2, OLLA
	-1.0% @30dB
0.0% @35dB
	-1.0% @30dB
-0.0% @35dB
	-1.0% @30dB
-1.0% @35dB
	-1.0% @30dB
-0.0% @35dB
	

	TDL-A 100ns, 2T4R, TM2, OLLA
	-0.0% @30dB
12.0% @35dB
	-2.0% @30dB
7.0% @35dB
	-3.0% @30dB
7.0% @35dB
	-4.0% @30dB
2.0% @35dB
	

	TDL-A 10ns, 2T2R, TM2, OLLA
	-2.0% @30dB
0.0% @35dB
	-2.0% @30dB
-2.0% @35dB
	-2.0% @30dB
1.0% @35dB
	-2.0% @30dB
-1.0% @35dB
	

	TDL-A 10ns, 2T4R, TM2, OLLA
	1.0% @30dB
11.0% @35dB
	-0.0% @30dB
7.0% @35dB
	-1.0% @30dB
8.0% @35dB
	-2.0% @30dB
3.0% @35dB
	

	TDL-B 100ns, 2T2R, TM2, OLLA
	-1.0% @30dB
-1.0% @35dB
	-0.0% @30dB
-2.0% @35dB
	-1.0% @30dB
-1.0% @35dB
	-1.0% @30dB
-2.0% @35dB
	

	TDL-B 100ns, 2T4R, TM2, OLLA
	0.0% @30dB
15.0% @35dB
	-2.0% @30dB
8.0% @35dB
	-4.0% @30dB
8.0% @35dB
	-4.0% @30dB
1.0% @35dB
	

	TDL-B 10ns, 2T2R, TM2, OLLA
	-2.0% @30dB
-2.0% @35dB
	-2.0% @30dB
-3.0% @35dB
	-2.0% @30dB
-1.0% @35dB
	-2.0% @30dB
-2.0% @35dB
	

	TDL-B 10ns, 2T4R, TM2, OLLA
	0.0% @30dB
11.0% @35dB
	-0.0% @30dB
7.0% @35dB
	-1.0% @30dB
8.0% @35dB
	-2.0% @30dB
3.0% @35dB
	

	TDL-D 100ns, 2T2R, TM2, OLLA
	-1.0% @30dB
5.0% @35dB
	-2.0% @30dB
3.0% @35dB
	-2.0% @30dB
4.0% @35dB
	-2.0% @30dB
1.0% @35dB
	

	TDL-D 100ns, 2T4R, TM2, OLLA
	12.0% @30dB
13.0% @35dB
	11.0% @30dB
13.0% @35dB
	8.0% @30dB
12.0% @35dB
	7.0% @30dB
12.0% @35dB
	

	TDL-D 10ns, 2T2R, TM2, OLLA
	-0.0% @30dB
5.0% @35dB
	-1.0% @30dB
3.0% @35dB
	-1.0% @30dB
4.0% @35dB
	-2.0% @30dB
1.0% @35dB
	

	TDL-D 10ns, 2T4R, TM2, OLLA
	12.0% @30dB
13.0% @35dB
	11.0% @30dB
13.0% @35dB
	8.0% @30dB
12.0% @35dB
	6.0% @30dB
12.0% @35dB
	

	TDL-E 100ns, 2T2R, TM2, OLLA
	0.0% @30dB
8.0% @35dB
	-2.0% @30dB
6.0% @35dB
	-3.0% @30dB
8.0% @35dB
	-4.0% @30dB
3.0% @35dB
	

	TDL-E 100ns, 2T4R, TM2, OLLA
	15.0% @30dB
15.0% @35dB
	15.0% @30dB
15.0% @35dB
	12.0% @30dB
16.0% @35dB
	8.0% @30dB
15.0% @35dB
	

	TDL-E 10ns, 2T2R, TM2, OLLA
	-2.0% @30dB
6.0% @35dB
	-6.0% @30dB
4.0% @35dB
	-7.0% @30dB
7.0% @35dB
	-12.0% @30dB
2.0% @35dB
	

	TDL-E 10ns, 2T4R, TM2, OLLA
	16.0% @30dB
16.0% @35dB
	15.0% @30dB
16.0% @35dB
	13.0% @30dB
15.0% @35dB
	9.0% @30dB
14.0% @35dB
	

	TDL-D Orth. LOS 100ns, 2T2R, TM2, OLLA
	-2.0% @30dB
17.0% @35dB
	-3.0% @30dB
8.0% @35dB
	-3.0% @30dB
11.0% @35dB
	-4.0% @30dB
-1.0% @35dB
	

	TDL-D Orth. LOS 100ns, 2T4R, TM2, OLLA
	8.0% @30dB
22.0% @35dB
	6.0% @30dB
21.0% @35dB
	3.0% @30dB
20.0% @35dB
	-1.0% @30dB
7.0% @35dB
	

	TDL-D Orth. LOS 10ns, 2T2R, TM2, OLLA
	-2.0% @30dB
17.0% @35dB
	-3.0% @30dB
8.0% @35dB
	-3.0% @30dB
10.0% @35dB
	-4.0% @30dB
-1.0% @35dB
	

	TDL-D Orth. LOS 10ns, 2T4R, TM2, OLLA
	8.0% @30dB
22.0% @35dB
	6.0% @30dB
21.0% @35dB
	3.0% @30dB
20.0% @35dB
	-1.0% @30dB
7.0% @35dB
	

	TDL-E Orth. LOS 100ns, 2T2R, TM2, OLLA
	-2.0% @30dB
21.0% @35dB
	-2.0% @30dB
14.0% @35dB
	-2.0% @30dB
19.0% @35dB
	-2.0% @30dB
-1.0% @35dB
	

	TDL-E Orth. LOS 100ns, 2T4R, TM2, OLLA
	7.0% @30dB
22.0% @35dB
	5.0% @30dB
22.0% @35dB
	4.0% @30dB
20.0% @35dB
	-1.0% @30dB
6.0% @35dB
	

	TDL-E Orth. LOS 10ns, 2T2R, TM2, OLLA
	-2.0% @30dB
21.0% @35dB
	-2.0% @30dB
15.0% @35dB
	-2.0% @30dB
19.0% @35dB
	-2.0% @30dB
-1.0% @35dB
	

	TDL-E Orth. LOS 10ns, 2T4R, TM2, OLLA
	7.0% @30dB
22.0% @35dB
	5.0% @30dB
21.0% @35dB
	4.0% @30dB
20.0% @35dB
	-1.0% @30dB
6.0% @35dB
	

	
	
	
	
	
	



Standard impacts on support of 1024QAM
If 1024QAM is supported, the following potential standard impacts need to be considered:
· New TBS entries to support 1024QAM;
· New MCS table for scheduling of 1024QAM and corresponding TBS;
· New CQI table accommodating 1024QAM;
Configuration of 1024QAM.CQI/MCS table for 1024QAM
The CQI table is used to support DL adaptive MCS. In order to support 1024QAM transmission, the maximum efficiency of the current 256QAM CQI table needs to be expanded. The design principles for the current CQI table are summarized as follows [3]:
· AWGN channel is assumed for generating the CQI table.
· 15-entry CQI table with approximately equal step size in equivalent SNR.
· The modulation order switching points in the CQI table should consider the frequency selectivity.
The design of new entries in CQI table for 1024QAM is presented in Table 1.
Table 1. New entries for 1024QAM
	CQI index
	modulation
	code rate x 1024
	efficiency

	14
	1024QAM 
	853 
	8.3321

	15
	1024QAM 
	948 
	9.2578 


Proposal 2: Two new CQI entries are introduced for 1024QAM as shown in Table 1, with the spectral efficiencies corresponding to each entry are 8.3321 and 9.2578.
The design principles for current MCS table are summarized [3] as follows:
· A 5-bit MCS table with 4 reserved entries for modulation order signalling.
· CQI values taken as starting point for design.
· The remaining 13 MCS entries chosen as equally spaced between adjacent spectral efficiencies.
With the previous principles, we make following proposal:
Proposal 3: Introduce 2 MCS entries for 1024QAM.
· 2 MCS entries as shown in Table 2 reflect the corresponding efficiency for the proposed CQI index #14, #15 for 1024QAM.
· 1 MCS entry for 1024QAM retransmission.
Table 2. Proposed MCS entries for 1024QAM
	
MCS Index

	
Modulation Order

	
TBS Index


	25
	10
	35 

	26
	10
	36 

	27
	2 
	
reserved

	28
	4 
	

	29
	6 
	

	30
	8 
	

	31
	10 
	


Configuration of CQI/MCS table for 1024QAM
As for the enhancement of CQI/MCS table for 1024QAM, the configuration of CQI/MCS table should be taken into consideration. The approach on CQI/MCS table configuration can be FFS if 1024QAM is supported for PDSCH transmission.
Differential CQI report
For periodic CQI report in LTE, differential CQI is reported for the second codeword in wideband and a selected sub-band. Due to the enhancement of CQI table, the mechanism of differential CQI report may also need to be FFS.
Conclusion
In the contribution, we discussed the support of 1024QAM and standard impacts for DL 1024QAM, with the following proposals:
Proposal 1: Support 1024QAM for PDSCH.
Proposal 2: Two new CQI entries are introduced for 1024QAM as shown in Table 1, with the spectral efficiencies corresponding to each entry are 8.3321 and 9.2578.
Table 1. New entries for 1024QAM
	CQI index
	modulation
	code rate x 1024
	efficiency

	14
	1024QAM 
	853 
	8.3321

	15
	1024QAM 
	948 
	9.2578 



Proposal 3: Introduce 2 MCS entries for 1024QAM.
· 2 MCS entries as shown in Table 2 reflect the corresponding efficiency for the proposed CQI index #14, #15 for 1024QAM.
· 1 MCS entry for 1024QAM retransmission.
· Table 2. Proposed MCS entries for 1024QAM
	
MCS Index

	
Modulation Order

	
TBS Index


	25
	10
	35 

	26
	10
	36 

	27
	2 
	
reserved

	28
	4 
	

	29
	6 
	

	30
	8 
	

	31
	10 
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