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1 Introduction

At RAN#66 a new WI LTE Carrier Aggregation Enhancement Beyond 5 Carriers [1] was approved. One objective of the WI is to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL. In this contribution, some issues of supporting up to 32 CCs with cross carrier scheduling on the DL control channel are identified.

2 DL control channel capacity
With the current specifications, cross carrier scheduling is supported up to 5 component carriers, based on the underlying principle of 1 DCI per PDSCH. The first question is whether this feature should be kept (or enhanced) for beyond 5 component carriers. Since more component carriers is an extension of 5 carriers, cross carrier scheduling should be retained for backward compatibility. Secondly, future enhancements, such as Licensed-Assisted Access Using LTE, may need cross carrier scheduling to enable system operation.
Proposal 1: Cross carrier scheduling should be supported in this work item.
In order to ascertain if the downlink control channels (both PDCCH and EPDCCH) have sufficient capacity to support cross carrier scheduling of component carriers, two deployment scenarios are examined [3]. 

· Scenario 1: 32 co-located component carriers with Scells having same coverage as the PCell
· Scenario 2: 32 co-located component carriers with Scells having less coverage as the PCell.

Examples showing capacity using these scenarios are presented in the next section.

3 Control channels

The cross-carrier scheduling mechanisms in sections 9.1 and 9.1.4 of [2] are based on candidates to monitor and control channel elements ((E)CCEs). The PDCCH is described first.

3.1 PDCCH
3.1.1 Example

Table 1 present some configuration parameters for the PDCCH. 
Table 1. Configuration parameters for PDCCH
	Parameter
	Symbol
	Values

	Number of antenna ports
	
	1, 2, 4

	PHICH duration
	Ng
	1/6, ½, 1, 2

	DL bandwidth
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	6, 15, 25, 50, 75, 100

	Control format indicator
	CFI
	1, 2, 3

	TDD / FDD configuration
	
	


For the example, the following parameter values are assumed: 2 CRS ports, 
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, Ng=1/2, CFI=3, and FDD. The number of CCEs is 42 and 86 for 10 MHz and 20 MHz DL bandwidths, respectively. Although the example will focus on 20 MHz, the results for 10 MHz are approximately half of the 20 MHz results.
The UE search space formula for candidates to monitor in 9.1.1 of [2], 
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where L is the aggregation level, 
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 is the number of CCEs in the control region of subframe k, 
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 is the number of candidates to monitor, 
[image: image6.wmf]CI

n

 is the carrier indicator field (CIF) value, and 
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, will be used. Table 2 lists the candidates to monitor for Yk=51966 and 32 carriers.
Table 2. Candidates to monitor NCCE,k=86. Red italics indicate duplicated candidates.

	nCI
	L=1
	L=2
	L=4
	L=8

	0
	22, 23, 24, 25, 26, 27
	44, 46, 48, 50, 52, 54
	48, 52
	48, 56

	1
	28, 29, 30, 31, 32, 33
	56, 58, 60, 62, 64, 66
	56, 60
	64, 72

	2
	34, 35, 36, 37, 38, 39 
	68, 70, 72, 74, 76, 78
	64, 68
	0, 8

	3
	41, 42, 43, 44, 45
	80, 82, 84, 0, 2, 4
	72, 76
	16, 24

	4
	47, 48, 49, 50, 51
	6, 8, 10, 12, 14, 16
	80, 0
	32, 40

	5
	53, 54, 55, 56, 57
	18, 20, 22, 24, 26, 28
	4, 8
	48, 56

	6
	58, 59, 60, 61, 62, 63
	30, 32, 34, 36, 38, 40
	12, 16
	64, 72

	7
	64, 65, 66, 67, 68, 69
	42, 44, 46, 48, 50, 52
	20, 24
	0, 8

	8
	70, 71, 72, 73, 74, 75
	54, 56, 58, 60, 62, 64
	28, 32
	16, 24

	9
	76, 77, 78, 79, 80, 81
	66, 68, 70, 72, 74, 76
	36, 40
	32, 40

	10
	82, 83, 84, 85, 0, 1
	78, 80, 82, 84, 0, 2
	44, 48
	48, 56

	11
	2, 3, 4, 5, 6, 7
	4, 6, 8, 10, 12, 14
	52, 56
	64, 72

	12
	8, 9, 10, 11, 12, 13
	16, 18, 20, 22, 24, 26
	60, 64
	0, 8

	13
	14, 15, 16, 17, 18, 19
	28, 30, 32, 34, 36, 38
	68, 72
	16, 24

	14
	20, 21, 22, 23, 24, 25
	40, 42, 44, 46, 48, 50
	76, 80
	32, 40

	15
	26, 27, 28, 29, 30, 31
	52, 54, 56, 58, 60, 62
	0, 4
	48, 56

	…
	
	
	
	

	31
	36, 37, 38, 39, 40, 41
	72, 74, 76, 78, 80, 82
	44, 48
	64, 72


3.1.2 Observations

Several observations of Table 2 are:

· A capacity analysis shows: aggregation level L=1 search spaces for 32 carriers, 37% (=32 CCEs/86 CCEs) of PDCCH resources would be necessary; L=2 74%; L=4 only 21 carriers could be scheduled; and L=8 only 10 carriers could be scheduled.
· For scenarios 1 and 2, if the UE is located near the eNB, the PDCCH has enough capacity for L=1 and L=2. Note that there is remaining PDCCH capacity (albeit small) to serve other UEs with the PCell.

· For scenario 1, if the UE were located such that L=4 must be used, not all carriers could be scheduled. Furthermore, serving other UEs will reduce the number of scheduled carrier even more.

· Another factor is the blocking probability – not all traffic may be scheduled due to other UEs and any DCIs used for the common search space.

· More complex network configurations (e.g., TDD, Ng=2) will reduce the CCE capacity and will cause further scheduling difficulties. Increasing the capacity of the PDCCH is a complicated task due to backwards compatibility and the impact on the PDSCH if the number of control symbols were larger. 
Based on this example, the UE specific search space of the PDCCH has capacity limitations for cross carrier scheduling for more than 5 carriers.
Observation: The UE specific search space of the PDCCH has capacity limitations for cross carrier scheduling for more than 5 component carriers.
3.2 EPDCCH
A similar type of analysis can be performed for the EPDCCH. Table 3 present some parameters for the EPDCCH. 

Table 3. Configuration parameters for EPDCCH
	Parameter
	Symbol
	Values

	NumberPRB-Pairs
	
	2, 4, 8

	transmissionType
	
	Localized / distributed

	Configuration sets
	P
	0, 1


3.2.1 Example

For the example, the following parameter values are used: localized transmission and 2 configuration sets and an aggregation level of L=2. With a normal cyclic prefix, there are 4 ECCEs per PRB pair and the resulting ECCEs for two sets is shown in Table 4.

Table 4. ECCEs for 2 configuration set

	PRBs
	Set 1: 2
	Set 1: 4
	Set 1: 8

	Set 0: 2
	16
	24
	40

	Set 0: 4
	24
	32
	48

	Set 0: 8
	40
	48
	64


Because the UE search space formula for candidates to monitor in 9.1.4 of [2], 
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where 
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 is the number of CCEs in set p of subframe k, 
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 is the number of candidates to monitor, b is the carrier indicator field value, and 
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, distributes candidates evenly, the analysis about CCE usage and aggregation level in Section 3.1.2 applies to the ECCE. Other notes are

· A 64 ECCE allocation requires both configuration sets to be 8 PRB pairs for a total of 16 PRB pairs. This implies that 16% of the 20 MHz bandwidth is used for the EPDCCH for 1 UE. 

· If the aggregation level is increased to L=4 for scenario 1, there would be an insufficient number of ECCEs. However, the EPDCCH has the capability to be expanded by increasing the number of PRB pairs in each set (8 ( 16). This implies that 32% of the 20 MHz bandwidth is used for scheduling 1 UE. One consequence of a larger number of PRB pairs is that the PCell becomes effectively a control carrier.

Table 5. Percentage of resource elements dedicated for control
	
	1 PDCCH symbol
	2 PDCCH symbols
	3 PDCCH symbols

	16 PRB pairs
	22%
	28%
	34%

	32 PRB pairs
	37%
	42%
	47%


The EPDCCH is a complement for PDCCH, especially for cross-carrier scheduling and scheduling capacity.

3.3 Power consideration

One design feature of LTE is having the scheduling DCI in the same subframe as the PDSCH. For the PDCCH, this feature requires the UE to process the DCI while receiving subframe n. The UE processes the DCI after subframe n was received for the EPDCCH. For either control channel, the PDSCH is processed after subframe n has been received and buffered. The implication is the analog-to-digital converter (ADC), which typically has a large power consumption among the digital components, is continuously capturing baseband samples regardless of a PDSCH being present in subframe n. 

This feature was also extended for the 5-carrier CA design, and no scheduling accommodations were made in the standards for reducing the ADC power consumption. However, extending this feature for 32 carriers may increase power consumption unnecessarily because the UE must capture a subframe for each subcarrier regardless of PDSCH being present on each carrier.

If the UE can enable the ADC (for each carrier) only when a subframe has PDSCH, the UE can deactivate the ADC for remaining subframe and thus reduce power consumption. In order to implement such a feature requires a UE to be informed which carriers in a future subframe will carry PDSCH. 

Proposal 2: Power consumption should be considered in this work item.

4 Conclusion

Cross carrier scheduling is an important feature for carrier aggregation and should be extended.

Proposal 1: Cross carrier scheduling should be supported in this work item.

With more carriers being cross-scheduled, the capacity of the PDCCH becomes limited. The EPDCCH can provide scheduling capacity but at a risk of transforming the PCell into a control carrier.
In addition, monitoring a large number of carriers, up to 32, may significantly increase power consumption
Proposal 2: Power consumption should be considered in this work item.
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