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1
Introduction
With the densification of small cells, it is likely that some UEs may be very close to one or more small cells and hence may have good channel conditions. Consequently, it was recently approved as part of a work item that RAN1 should work on:

· Specification of 256QAM in downlink transmission, with focus on MCS/CQI/TBS table design, while keeping existing size of CQI feedback field and MCS indication
In this contribution, we provide our views on how to specify 256QAM for downlink transmissions.
2
Discussion
In LTE Rel-11, up to 64QAM is supported for both DL and UL (although UL 64QAM Tx performance requirements are not specified). With the densification of small cells and advances in implementation, it is possible for the UE to achieve high SNR operation conditions, motivating the need to investigate possible benefits that could be offered by high modulation order transmissions, particularly, 256QAM. 
In [1], the new work item on small cell enhancements – physical layer aspects was approved. In particular, it is specified that:

· Specification of 256QAM in downlink transmission, with focus on MCS/CQI/TBS table design, while keeping existing size of CQI feedback field and MCS indication
Herein we provide our views on how to design MCS/CQI/TBS tables to support 256QAM for downlink transmissions.
2.1
256QAM vs. Transmission Mode

First of all, it is clear via the study item that 256QAM can benefit both CRS and DM-RS transmissions. As a result, we propose the following:

Propose 1:

· 256QAM is supported for all DL transmission modes.
2.2
CQI Table for 256QAM
Currently, CQI reporting is based a 4-bit table, as shown below. The existing 4-bit table covers up to 64QAM, with the maximum spectral efficiency of 5.55bps/Hz, or a maximum coding rate of 0.925.
Table 1 Existing 4-bit CQI Table

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547


To support 256QAM with a 4-bit CQI table, some of existing entries have to be removed and some 256QAM entries have to be added. It is reasonable that 256QAM is enabled for a UE only if the channel conditions for the UE are favorable. As a result, among the existing entries, one can consider removing some of the QPSK entries. However, it is still important to keep some QPSK entries for robust fallback operation. One possibility is to remove 3 out of 6 QPSK entries, namely:

· CQI index 2, corresponding to efficiency 0.2344

· CQI index 4, corresponding to efficiency 0.6016

· CQI index 6, corresponding to efficiency 1.1758

It is desirable to achieve a high peak rate with 256QAM, but at the same time still to keep a same or similar maximum coding rate as that of 64QAM. As a result, the maximum spectral efficiency with 256QAM can be:

· 948/1024 (max coding rate) * 8 (mod order for 256QAM) = 7.4063 bps/Hz

Given that the current maximum spectral efficiency is 5.55bps/Hz and the new (proposed) maximum spectral efficiency is 7.41bps/Hz, it seems sufficient to have two more 256QAM entries in between, e.g.:
· 792/1024*8 = 6.0313 bps/Hz

· 873/1024*8 = 6.8203 bps/Hz

This also implies that the existing 16QAM and 64QAM entries can remain un-touched. The new CQI table is summarized in Table 2.

Table 2 Proposed new 4-bit CQI Table supporting 256QAM

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	193
	0.3770

	3
	QPSK
	449
	0.8770

	4
	16QAM
	378
	1.4766

	5
	16QAM
	490
	1.9141

	6
	16QAM
	616
	2.4063

	7
	64QAM
	466
	2.7305

	8
	64QAM
	567
	3.3223

	9
	64QAM
	666
	3.9023

	10
	64QAM
	772
	4.5234

	11
	64QAM
	873
	5.1152

	12
	64QAM
	948
	5.5547

	13
	256QAM
	772
	6.0313

	14
	256QAM
	873
	6.8203

	15
	256QAM
	948
	7.4063


Proposal 2: 
· A UE configured with 256QAM can be associated with the new CQI table shown in Table 2.
At the same time, due to restricted subframe measurements and/or eIMTA operation, different subframe sets may experience drastically different channel conditions. As a result, to associate CSI feedback always with the new CQI table may be problematic in some cases. Instead, for subframes when strong interference is expected, legacy CQI table would be more appropriate. 

Proposal 3: 
· Consider supporting subframe set dependent CQI table for CSI feedback.
2.3
MCS/TBS Table

Current MCS table for DL assignments is based on a 5-bit table, as shown below. Due to 3 possible modulation schemes, 3 implicit entries (29/30/31) are included to enable more re-transmissions. Each MCS index is also mapped to a TBS index for TBS look-up. Note that there are some duplicate TBS index entries (e.g. 9 and 15).
Table 3 Existing Modulation and TBS index table for PDSCH
	MCS Index
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	TBS Index
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	0
	2
	0

	1
	2
	1

	2
	2
	2

	3
	2
	3

	4
	2
	4

	5
	2
	5

	6
	2
	6

	7
	2
	7

	8
	2
	8

	9
	2
	9

	10
	4
	9

	11
	4
	10

	12
	4
	11

	13
	4
	12

	14
	4
	13

	15
	4
	14

	16
	4
	15

	17
	6
	15

	18
	6
	16

	19
	6
	17

	20
	6
	18

	21
	6
	19

	22
	6
	20

	23
	6
	21

	24
	6
	22

	25
	6
	23

	26
	6
	24

	27
	6
	25

	28
	6
	26

	29
	2
	reserved

	30
	4
	

	31
	6
	


The design of MCS table should be correlated with the design CQI table, since the latter provides the basis for efficient DL rate adaptation. Note the following:
· Instead of 3 implicit entries, we now need 4 implicit entries due to 4 possible modulation orders

· This also implies that there are only 28 explicit entries (0-27) available

· Similar to CQI table, one can consider removing some QPSK entries

· However, it is still of interest to keep some QPSK entries for robust fallback, and fine TBS granularity.
· Some of the MCS indices with duplicate TBS indices can be removed

· As a result, the impact on TBS resolution can be minimized

· Given 3 new CQI entries for 256QAM, one can consider having 6 new MCS/TBS entries for 256QAM
· This implies that we can append 6 new TBS entries to the existing TBS table. The new TBS should be aligned with the CQI table design. 
Consequently, a new MCS/TBS index table for PDSCH with 256QAM is proposed below. 
Table 4 Proposed new Modulation and TBS index table for PDSCH with 256QAM
	MCS Index

[image: image4.wmf]MCS

I


	Modulation Order
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	TBS Index
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	0
	2
	0

	1
	2
	1

	2
	2
	3

	3
	2
	5

	4
	2
	7

	5
	4
	9

	6
	4
	11

	7
	4
	12

	8
	4
	13

	9
	4
	14

	10
	4
	15

	11
	6
	16

	12
	6
	17

	13
	6
	18

	14
	6
	19

	15
	6
	20

	16
	6
	21

	17
	6
	22

	18
	6
	23

	19
	6
	24

	20
	6
	25

	21
	6
	26

	22
	8
	27

	23
	8
	28

	24
	8
	29

	25
	8
	30

	26
	8
	31

	27
	8
	32

	28
	2
	reserved

	29
	4
	

	30
	6
	

	31
	8
	


Note that during RRC (re-)configuration, it is still important to keep a seamless link between eNB and UE. This is one of the reasons that DCI format 1A is associated with each DL transmission mode. As a result, the new MCS/CQI table should be selectively applied such that a constant link can be maintained between eNB and UE. One straightforward way is to associate DCI format 1A with the legacy MCS/TBS table, and to associate the mode-dependent DCI with the new MCS/TBS table, especially given that the mode-dependent DCI provides richer scheduling information than the compact DCI format 1A and consequently is expected to be more frequently used along with 256QAM.
As a result, we propose:

Propose 4: 

· DCI format 1A is always associated with the legacy MCS/TBS table, while the mode-dependent DCI is associated with the new MCS/TBS table, as shown in Table 4

· 6 new TBS entries are to be appended in the existing TBS table, where the new transport block sizes should be consistent with the new CQI table.
2.4
CoMP Aspects

In Rel-11, a 2-bit PDSCH rate matching and quasi-co-location indicator (PQI) field was introduced to facilitate CoMP operation. Each PQI entry is associated with a RRC configuration parameter set, where each set of parameters can be associated with a transmission point involved in the CoMP operation. Note that different transmission points may be of different releases. In addition, channel conditions observed by each transmission point can be quite different, some possibly favorable for 256QAM operation while others possibly inappropriate for 256QAM. As a result, it seems reasonable to include an indication whether the legacy MCS/TBS table or the new MCS/TBS table should be used for a particular transmission point. 
Proposal 5:

· Consider adding an indicator of legacy MCS/TBS table or new legacy MCS/TBS in the parameter set associated with PQI for CoMP operation
2.5
UE Capability/Category
Obviously, the support of 256QAM should be associated with either a UE category or a UE capability. Such detail needs to be further investigated. 

Proposal 6:

· Further investigate how to associate 256QAM with UE capability/category.
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Conclusions 

In this contribution, we provided our views on how to support 256QAM for DL transmissions and propose:
· 256QAM is supported for all DL transmission modes
· A UE configured with 256QAM can be associated with the new CQI table shown in Table 2
· Consider supporting subframe set dependent CQI table for CSI feedback
· DCI format 1A is always associated with the legacy MCS/TBS table, while the mode-dependent DCI is associated with the new MCS/TBS table, as shown in Table 4

· 6 new TBS entries are to be appended in the existing TBS table, where the new transport block sizes should be consistent with the new CQI table.
· Consider adding an indicator of legacy MCS/TBS table or new legacy MCS/TBS in the parameter set associated with PQI for CoMP operation

· Further investigate how to associate 256QAM with UE capability/category
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