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1. Introduction

In RAN #62, a WI on small cell physical aspects was approved [1]. The agreements made upon the introduction of higher order modulation are:
· Spectrum efficiency enhancement with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission, while keeping existing size of CQI feedback field and MCS indication.
In this contribution, we discuss potential specification impacts of supporting 256QAM with respect to the design of CQI/MCS/TBS tables and we provide our views on this issue.  
2. Impacts of supporting 256QAM on the specification of CQI/MCS/TBS tables
In order to support 256QAM in downlink for higher spectral efficiency, new MCS/CQI/TBS tables that cover 256QAM are necessary and need to be defined in the specification.
2.1. The design of CQI table

In the current specification, 16 CQI indices (4 bits) are provided, supporting up to 64QAM. According to the agreement in RAN #62, the new CQI table will keep the same size as the current CQI table (4 bits). Then, in the new CQI table entries selection, two options can be considered:
· Option 1: Introduce one additional CQI table.

· Option 2: Introduce multiple (> 1) additional CQI tables.

In option 1, besides the old CQI table, another CQI table containing 256 QAM entries is introduced. Larger SINR sampling distance will be inevitable for the 256QAM CQI table if lower SINR region is kept for robustness. This may lead to increased quantization inaccuracy.   
In Option 2, more CQI tables containing 256QAM entries could keep the existing SINR sampling distance but with reduced dynamic range in each table. 
The latter is unnecessarily complex, since in environments where 256QAM is useful, fine granularity of CQI reporting at the lower end of the SINR range is not likely to be necessary.

Proposal 1: To support 256 QAM, only one additional CQI table should be added.
The existing CQI table is shown below: 

Table 1: Existing 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


The code rates and efficiencies of the existing CQI table are shown in Figures 1 and 2:
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Figure 1: Code rate of existing CQI table
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Figure 2: Efficiencies of existing CQI table
By removing some entries from 64QAM and QPSK, but keeping the other entries unmodified, we can derive the following new CQI table: 

Table 2: New CQI Table - 1
	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
	QPSK
	602
	1.1758

	5
	16QAM
	378
	1.4766

	6
	16QAM
	490
	1.9141

	7
	16QAM
	616
	2.4063

	8
	64QAM
	466
	2.7305

	9
	64QAM
	567
	3.3223

	10
	64QAM
	666
	3.9023

	11
	256QAM
	567
	4.4297

	12
	256QAM
	666
	5.2031

	13
	256QAM
	772
	6.0313

	14
	256QAM
	873
	6.8203

	15
	256QAM
	948
	7.4063


The code rates and efficiencies of the above new CQI table are shown in Figures 3 and 4:
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Figure 3: Code rate of new CQI Table 2
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Figure 4: Efficiencies of new CQI Table 2
On the whole, this design keeps a reasonably linear granularity across the SINR range. However, there is some scope for improving the linearity in the QPSK region, by changing the code rate for CQI index 2 as shown in the table below and Figures 5 and 6. The changed entries are highlighted in the table below.
Table 3: New CQI Table - 2
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	256
	0.2500

	3
	QPSK
	449
	0.8770

	4
	QPSK
	602
	1.1758

	5
	16QAM
	378
	1.4766

	6
	16QAM
	490
	1.9141

	7
	16QAM
	616
	2.4063

	8
	64QAM
	466
	2.7305

	9
	64QAM
	567
	3.3223

	10
	64QAM
	666
	3.9023

	11
	256QAM
	567
	4.4297

	12
	256QAM
	666
	5.2031

	13
	256QAM
	772
	6.0313

	14
	256QAM
	873
	6.8203

	15
	256QAM
	948
	7.4063
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Figure 5: Code rate of new CQI Table 3
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Figure 6: Efficiencies of new CQI Table 3
We therefore propose to adopt the CQI table in Table 3.

Proposal 2: The additional CQI table should be as shown in Table 3.

2.2. Design of MCS table

The design of MCS table is based on CQI table. Considering that the sample granularity is much smaller than that of CQI table, there exist two candidates in MCS table design.

Option 1: One CQI table corresponds to one MCS table

Option 2: One CQI table corresponds to multiple MCS table

Compared to option 1, option 2 is more flexible in MCS configurable. However, 256QAM would only be used when channel is in extremely good condition.  There is no need to make it flexible. 
Proposal 3: One CQI table  corresponds to one MCS table.  Proposal 4: Since TBS indices are closely related to MCS indices, the design of the enhanced TBS table should be aligned with MCS table.
3. The design of signaling for CSI feedback

The signaling design including two parts:

· How to indicate which table is applied

· When to apply the indicated table
As agreed in RAN #62, the signaling to support 256 QAM should be by higher layers. Here, we consider RRC signalling and MAC-CE signaling.
3.1. RRC signaling
When an additional TBS table is introduced to incorporate 256 QAM , the UE will receive RRC Connection Reconfiguration signaling to switch to the new TBS table.  After the UE acknowledges the RRC Connection Reconfiguration signaling, the UE will apply the new CQI table. The network would consider the time of receiving RRC Connection Reconfiguration Complete message as the time  of applying the new CQI table by the UE..  
In LTE, the  “activation time” concept was not adopted since it is considered as “now” without ambiguity.    

Observation 1: There is no problematic ambiguity during TBS table switching through RRC Connection Reconfiguration message.  .
3.2. MAC CE signaling
Another alternative with lower latency would be to use a MAC CE to indicate the switch ofCQI table.

According to the current specification, one MAC subheader is needed for CQI table switch.


[image: image7.emf]LCID R

R/R/E/LCID sub-header

R E Oct 1


Fig.1 MAC subheader
In this MAC subheader, LCID (Logical Channel Group ID) needs to be defined to identify new CQI table switch. One reserved index such as 11010 could be used to indicate CQI table switch, which can be shown in table 1.
Table 1: the enhanced LCID for CQI table switching
	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-11001
	Reserved

	11010
	CQI table switching

	11011
	Activation/Deactivation

	11100
	UE Contention Resolution Identity

	11101
	Timing Advance Command

	11110
	DRX Command

	11111
	Padding


However, the overhead of CQI table switching using MAC is excessive since the probability of CQI table switching is very rare, and the latency of RRC switching is sufficient.  

Proposal 5: RRC signalling is used to switch between the legacy and new CQI tables.

4. Conclusions

In this contribution, we have discussed the MCS/CQI/TBS design, as well as the CSI feedback with the introduction of higher order modulation. We make the following proposals: 
Proposal 1: To support 256 QAM, only one additional CQI table should be added.

Proposal 2: The additional CQI table should be as shown in Table 3.

Proposal 3: One CQI table  corresponds to one MCS table.  Proposal 4: Since TBS indices are closely related to MCS indices, the design of the enhanced TBS table should be aligned with MCS table.

Proposal 5: RRC signalling is used to switch between the legacy and new CQI tables.

References

[1] RP-132073 , “WID Small cell enhancements-PHY”, Huawei, December, 2013
3

Page 6 of 4

_1448871563.vsd
LCID


R


R/R/E/LCID sub-header


R


E


Oct 1



