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1. Introduction

In this contribution, we propose the following CQI optimization mechanism for VoIP:
· The eNB may reduce the number of CQI bits to 2 in the case of persistent scheduling, e.g. VoIP.
· PUCCH Format 1 be used for this case 
This proposed CQI optimization reduces the need of CQI information bits for VoIP kinds of traffic, and saves the uplink control channel resource for the Wideband CQI report.

Persistent scheduling may also be used for other applications such as online gaming, streaming, etc. These applications may also benefit from this Optimized CQI proposal. In section 4, using VoIP as an example of persistent scheduling, we demonstrate the resulting gain in the VoIP capacity of LTE systems by utilizing this CQI optimization proposal.  

These simulation results show that such a proposed CQI optimization mechanism can significantly increase the LTE system capacity for VoIP, which is the most important application in cellular systems. 

2.  Proposal for optimization of the number of the CQI bits for persistent scheduling

This contribution proposes that only 2 CQI bits are necessary in the case of persistent scheduling for the Wideband CQI report. 
2.1. Motivation

It was agreed in RAN1#51bis that the CQI index consists of 16 indices, i.e. 4 bits [1, and shown in Table A1 in the Annex]. This CQI index has a one to one relationship to the MCS level of the PDSCH and will be used by the eNB to select the appropriate MCS level. It was also agreed in RAN1 #48bis that the PDCCH has four MCS levels, i.e. 1, 2, 4, 8 CCEs aggregation [2]. The CQI index value is also used to select PDCCH’s MCS.

However, the granularity of CQI Index values for persistently scheduled data such as VoIP can be much coarser than for the dynamic scheduling case and for the general packet payloads, for the following reasons. 

1. VoIP packet size (typically 30-40 bytes) is generally much smaller than typical packet sizes for dynamic scheduled data, e.g. HTTP data packets, etc. 
2.
With a VoIP codec which has a fixed packet payload data rate, the various modulations and code rates result in many redundant combinations, this is shown by Table 1 and described below.
Table 1 shows that for multiple CQI Index values, the allocations of RBs (time/frequency resources) for carrying one VoIP packet turn out to be identical. For example, one VoIP packet (using AMR 12.2kbps voice codec) can be carried in 2 RBs using any of the CQI indices from 10 to 15. Once the time/frequency resources (RBs) are allocated, there is no benefit to using a higher order MCS for the same data rate, e.g. for the 2 RB assignment a CQI value of 10 should be used and there is no benefit to using values 11, 12, 13, 14, 15.  Therefore, we can reduce the number of required MCS levels for VoIP and similar type of traffic significantly.  We propose that 4 levels of MCS can be used for VoIP traffic.

Table 1 shows the redundant granularity levels definitions and how wasteful of PUCCH signaling capacity the 4-bit CQI Index would be. 
The use of four or less MCS levels for VoIP was also proposed in [3][4]. 
Table 1: Redundant granularity levels definitions for a VoIP packet specified by use of 16 CQI Indices
(One VoIP packet carried by the number of RBs in the following table)

	CQI index
	The number of RBs

	
	AMR 12.2kbps
	AMR 7.95kbps
	SID frame

	0
	N/A
	N/A
	N/A

	1
	32RBs
	24RBs
	12RBs

	2
	22RBs
	16RBs
	8RBs

	3
	14RBs
	10RBs
	6RBs

	4
	8RBs
	6RBs
	4RBs

	5
	6RBs
	4RBs
	2RBs

	6
	6RBs
	4RBs
	2RBs

	7
	4RBs
	4RBs
	2RBs

	8
	4RBs
	2RBs
	2RBs

	9
	4RBs
	2RBs
	2RBs

	10
	2RBs
	2RBs
	2RBs

	11
	2RBs
	2RBs
	2RBs

	12
	2RBs
	2RBs
	2RBs

	13
	2RBs
	2RBs
	2RBs

	14
	2RBs
	2RBs
	2RBs

	15
	2RBs
	2RBs
	2RBs


Table 1 was calculated from the RAN1#51bis Agreed modulation and coding rate (shown in Table A1 in the Annex), to show the required number of RBs to carry one VoIP packet using the MCS level corresponding to the CQI index assignment.
In the persistent scheduling mode, the CQI index value is used as follows
· To decide the MCS level of the PDSCH (first transmission and retransmission)

· To decide the MCS level  of the PDCCH (retransmission case)

Reducing the CQI index to 2 bits for persistently scheduled UEs has no negative impact on the BLER performance, but has the benefit of using less PUCCH resources per persistently scheduled UE. This improved PUCCH efficiency can result directly in a gain in the overall system VoIP capacity. 
Therefore, in this contribution, we propose the following.

· The eNB be allowed to reduce the number of CQI bits to 2 in the case of persistent scheduling, e.g. VoIP, because both PDSCH and PDCCH have four levels or less link adaptation.

· PUCCH Format 1 be used in the above case
2.2. Capacity Increase by using 2-bit CQI for persistent scheduling by use of PUCCH Format 1

In this section, we propose utilizing PUCCH Format 1 to carry the reduced number of CQI bits for persistent scheduling. The PHY RB mapping of the PUCCH can be found in figure 1 [5] . 


[image: image1.emf] 

frequency

1 ms subframe

resource i

resource i

resource  j

resource  j


Figure 1: Physical uplink control channel

Different PUCCH formats (0, 1, 2) are agreed as the tables below show [5]. In the dynamic scheduling mode, the agreement is that the CQI will be carried using PUCCH Format 2. But if 2-bit CQI is sufficient for VoIP, PUCCH Format 1 can be used to carry the CQI information instead of PUCCH Format 2. As shown in Table 4, Format 1 supports a higher multiplexing level than Format 2, and thus leads to the PUCCH capacity increase. 
This contribution quantifies this VoIP capacity improvement via simulations in the typical LTE system scenarios.
Table 2: Supported PUCCH formats.

	PUCCH format
	Modulation scheme
	Number of bits per subframe, 
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	Normal cyclic prefix
	Extended cyclic prefix

	0
	BPSK
	1
	1

	1
	QPSK
	2
	2

	2
	QPSK
	20
	20


Table 3: Number of PUCCH demodulation reference symbols per slot 
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	PUCCH format
	Frame structure type 1

	
	Normal cyclic prefix
	Extended cyclic prefix

	0
	3
	2

	1
	
	

	2
	2
	1


Table 4: Supported maximum User multiplexing for each PUCCH formats.

	PUCCH format
	Frame structure type 1

	
	Normal cyclic prefix
	Extended cyclic prefix

	0
	18
	12

	1
	
	

	2
	6
	6


2.3. Maximum VoIP capacity increase for PUCCH, PDSCH and PUSCH resulting from the CQI Optimization and PUCCH Format 1
The PUCCH capacity limit based on the 2 RB use, described in Section 2.2, is the constraining factor in the Maximum system VoIP capacity, because if the PUCCH capacity saturates, additional DL VoIP users cannot be assigned. At the same time, if a lot of UL resources are allocated to PUCCH, UL VoIP users also cannot be assigned. Hence increasing the PUCCH capacity by the CQI Optimization method allows an increase in the system maximum VoIP carrying capacity.
In Section 4.1 we show simulation results for the increase in PUCCH capacity using the CQI Optimization compared to the Current Working Assumption.
Then in Section 4.2, we take the results from Section 4.1 and show the Maximum System VoIP capacity gain using the CQI optimization compared to the Current Working Assumption.
3. Simulation conditions and assumptions 

In Section 4.1 we show simulation results for PUCCH capacity, at different BLER levels, and compare the following cases – 

1. the Current Working Assumption

2. the Proposed CQI Optimization described in Section 2.2
The parameters for the two compared cases, Current WA and Proposed CQI Optimization method are as follows

· UL CQI data size

· Current WA: 4 bits(Wideband CQI)

· CQI Optimization : 2 bits(Wideband CQI)

· Which PUCCH format will be used to carry the UL CQI data

· Current WA: PUCCH format 2

· CQI Optimization  PUCCH format 1

BLER is varied in the range 0-30%

This PUCCH capacity is based on the 2 RB size and thus is independent of the system bandwidth.
In Section 4.2, we take the results of Section 4.1, and show their impact on the Maximum System VoIP traffic carrying Capacity, again for the CQI Optimized case compared to the Current WA case.

Section 4.2 Assumptions - 
This Maximum VoIP Capacity is based on the assumption that the Total System capacity is used for VoIP (i.e. no sharing with other services). Further, the Maximum VoIP System capacity is for the combination of the PUCCH, PDSCH and PUSCH capacities.
The detailed simulation assumptions are shown in the Annex

4. Simulation results

4.1. PUCCH capacity gains by CQI Optimization
Figure 2 shows the PUCCH capacity for the CQI Optimized case compared to the Current WA. The number of users supported by a 2 RBs PUCCH is independent of system bandwidth for PUCCH capacity.
The Maximum number of PUCCH users supported means the number of UEs supported per one cell (sector), and means that the eNB cannot service more UEs because of lack of PUCCH resources. Even if the number of serving VoIP UEs is equal to the maximum DL VoIP capacity, the eNB cannot serve the dynamic scheduled UEs.

Figure 2 shows that the maximum PUCCH capacity for 2 RB VoIP for the Current WA is 160-180 UEs per one cell and that for the Proposed CQI Optimization it is 280-360 UEs per one cell. Thus this figure shows that we can double the PUCCH capacity by using the CQI Optimization method.
Figure 2 also shows that without applying this CQI Optimization, the LTE PUCCH capacity is only marginally higher than the Rel-6 PUCCH capacity.
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Figure 2 : Maximum VoIP PUCCH 2-RB capacity (number of UEs) for CQI Optimization versus Current WA
4.2. Maximum VoIP capacity for PUCCH, PDSCH, and PUSCH based on PUCCH saturation
The Figure 2 PUCCH capacity saturation constrains the Maximum System VoIP capacity.
Figure 3 shows the Maximum VoIP user capacity for the LTE System. Maximum capacity means that the eNB cannot serve more UEs because of lack of PUCCH resources. The Horizontal axis stands for the number of PUCCH Resource Blocks. The Vertical axis stands for VoIP user capacity as the number of UEs supported per one cell (sector). VoIP capacity in this section is considered as the lesser value of the DL VoIP and the UL VoIP capacity limits.
The Maximum VoIP Capacity is calculated as follows – 

We assume one VoIP packet carried by four resource blocks as shown in the Annex. Thus the DL capacity is calculated from the number of VoIP packets which can be carried by the DL resource. Same as for the DL capacity, the UL capacity is also calculated from the number of VoIP packets which can be carried by the remaining UL resource, after subtracting the PUCCH resources from UL resources. Of course, the DL capacity will be limited by the PUCCH capacity which was shown in the previous section.
With the Current Working Assumption (WA), the VoIP capacity maximizes at a four resource blocks assignment for the PUCCH. If the number of PUCCH resource blocks is less than four, the CQI feedback becomes the bottleneck, and the DL VoIP capacity is limited by PUCCH saturation. If PUCCH resource blocks assigned are more than four, the UL resource become the bottleneck, and the UL VoIP capacity will decrease. 

On the other hand, for CQI Optimization, the VoIP capacity maximizes at a two resource blocks assignment for the PUCCH. As for the Current WA, if the number of PUCCH resource blocks is more than two, the UL resources become the bottleneck, and the UL VoIP capacity will decrease. 

When we compare the Current WA and the CQI Optimization scheme, the percentage of VoIP capacity improvement with CQI Optimization is 44% for a two PUCCH resource blocks assignment .

Even with the Current WA scheme at four PUCCH resource blocks and the CQI Optimization scheme at two PUCCH resource blocks assignments, i.e. the maximum VoIP capacity point for each, the percentage of VoIP capacity improvement with CQI Optimization is still 9.5%. This is because we can allocate more UL resource for PUSCH, because of less resources for PUCCH for the CQI Optimization case.
In general, if we allocate more PRB’s for PUCCH, there will be less PRB’s available for PUSCH allocation for real data UL transmission. However, with more PUCCH capacity, we will be able to transmit more signaling like CQI on PUCCH to support the DL transmission.  Figure 3 also shows the trade-off described above.
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Figure 3 Maximum VoIP capacity (the number of UEs) of System 
(PUCCH+PDSCH+PUSCH; DL: 5MHz, UL: 5MHz case)

5. Summary and conclusions

We propose the following:
· The eNB may reduce the number of CQI bits to 2 in the case of persistent scheduling, e.g. VoIP.

· PUCCH Format 1 be used for this case
The benefits of this proposed CQI Optimization scheme are 
· The PUCCH capacity for the persistent scheduling can be doubled compared to the Current Working Assumption.
· For a UL bandwidth of 5MHz, we can increase the Maximum System VoIP capacity by almost 10%. This is because we can use the UL resource more efficiently by allocating less resource to PUCCH.
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7. ANNEX 

7.1. RAN WG1 Agreed CQI table

Table A1: 4-bit CQI table[1]

	CQI index
	modulation
	coding rate  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


7.2. The example of four CQI index
Table A2 and A3 show examples of the selected MCS levels on PDSCH and PDCCH respectively. Table A2 shows that the eNB will allocate RBs(Resource Blocks) on the PDSCH to each UE depending on the received CQI index. For example for the AMR 12.2kbps case, if CQI index 7 is received, 4 RBs will be allocated on the PDSCH, and if CQI index 10 is received, 2 RBs will be allocated.
Table A3 also show that the eNB will allocate CCEs(Control Channel Elements) on the PDCCH to each UE depending on the received CQI index. For example, if CQI index 4 is received, 2 CCEs will be allocated on the PDCCH, and if CQI index 7 is received, 1 CCE will be allocated.
Therefore, the eNB will select the MCS level (and CCE aggregation level) for both PDSCH and PDCCH based on the received CQI index.

In each table, the green high-lighted levels are examples of four selected CQI indices.

Table A2: Example of selected MCS levels on PDSCH

(Green high-lighted levels are examples of selected CQI indices)
	CQI index
	The number of RBs

	
	AMR 12.2kbps
	AMR 7.95kbps
	SID frame

	0
	N/A
	N/A
	N/A

	1
	-
	- 
	- 

	2
	- 
	-
	- 

	3
	- 
	- 
	-

	4
	8RBs
	6RBs
	4RBs

	5
	8RBs
	6RBs
	4RBs

	6
	8RBs
	6RBs
	4RBs

	7
	4RBs
	4RBs
	2RBs

	8
	4RBs
	4RBs
	2RBs

	9
	4RBs
	4RBs
	2RBs

	10
	2RBs
	2RBs
	2RBs

	11
	2RBs
	2RBs
	2RBs

	12
	2RBs
	2RBs
	2RBs

	13
	2RBs
	2RBs
	2RBs

	14
	2RBs
	2RBs
	2RBs

	15
	2RBs
	2RBs
	2RBs


Table A3: Example of selected MCS levels on PDCCH
(Green high-lighted levels are examples of selected CQI indices)

	CQI

index
	The number of CCEs

	0
	N/A

	1
	8CCEs

	2
	8CCEs

	3
	8CCEs

	4
	2CCEs

	5
	2CCEs

	6
	2CCEs

	7
	1CCE

	8
	1CCE

	9
	1CCE

	10
	1CCE

	11
	1CCE

	12
	1CCE

	13
	1CCE

	14
	1CCE

	15
	1CCE


7.3. Simulation Assumptions

The detailed simulation assumptions are shown below
· DL VoIP packets interval: 20ms

· UL CQI interval: 20ms

· UL ACK/NACK data size: 1 bit
· UL ACK/NACK data on: PUCCH format 0

· MIMO mode is SIMO(no PMI and no rank information)

· MCS level is less than four

· The number of PUCCH RBs : configured by eNB

· 1 VoIP packet is carried by 4RBs(1 RB contains 12x7 REs)
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