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1
Introduction
The topic related to channel arrangement and CA rules for contiguous carrier aggregation has arose wide discussions in RAN4. In this contribution, we first summarized current conclusions for CA then we analyzed the possible channel arrangement combinations for contiguous CA deployment scenarios in Rel-10.
2
Analysis
2.1 Contiguous CA key factors
There are several contributions and discussions according to the topic of channel arrangement for contiguous carrier aggregation both in RAN4 LTE_A SI phase and WI phase. The key factors related to this topic are summarized below according to RAN4 contributions [1], [2], [3], and [4]:
Channel Bandwidth Combination

As agreed in LTE-A SI, the channel bandwidth of component carriers in Rel-10 should follow Rel-8 options. There are several channel bandwidth combinations for a specific CA bandwidth as described in [2] and [3]. We need to restrict the channel bandwidth combination for the fixed overall CA bandwidths. For CA bandwidth over 20MHz, channel bandwidth 20MHz is preferred option first. But the other channel bandwidth options should not be excluded. Take CA bandwidth 50MHz as a example, we can obtain this bandwidth by [20MHz+10MHz+20MHz] or [5MHz+20MHz+20MHz+5MHz]. Whether to exclude small bandwidth option such as 1.4MHz and 3MHz for CA or not is FFS, which is related to small additional carriers use.
CC number
Not over 5CCs is the baseline. As proposed in [2], some rules should be defined to restrict the CC combinations. The concept of CA Bandwidth Class seems to be a good standpoint. For 40MHz, 2 CCs with 20MHz Channel BWs seems to be acceptable for most of companies. For 50MHz, 3 or 4 CCs needed for different combination as described above. 
Channel spacing
The guideline for channel spacing between aggregated CCs is grid of 300kHz in order to satisfy the requirements of the 15 kHz sub-carrier spacing and the 100 kHz E-UTRA frequency raster. As described in [4] and [5], two options are proposed based on the guideline:
· Option 1: Minimum value satisfying 300kHz grid, this option means guard band between CCs is almost zero, such as 18.3 MHz for two 20MHz CCs.
· Option 2: Flexibility value to reserve some guard band between CCs 
Option 2 is preferred from our view. First, reserving some guard band between CCs will decrease adjacent channel interference in some deployment scenarios, for example legacy Rel-8 UEs camp in one of the component carriers as analyzed in contributions [5] and [6].
For TDD rel-10 contiguous carrier aggregation scenarios, the proposed aggregated channel bandwidths are different between eNB side and UE side. In BS side, the proposed maximum aggregated channel bandwidth is 50MHz for which the 40MHz and remaining 10 MHz will be assigned for different UEs. The remaining 10MHz are most possible assigned to legacy Rel-8 UEs. Keeping enough guard between the 40MHz and the remaining 10MHz will be useful to decrease the interference between them.

Second, the reserved guard band can be used by additional small carrier to improve spectrum efficiency in some deployment scenarios such as in later Release 11. Overall, we think option 2 has advantages from the flexibility of network operation. The specific values for the reserved guard band need further study considering the flexible network operation, test complexities, and specification workload. We propose at least Rel-8 guard band 1MHz should be kept from adjacent channel interference point of view. 
CC allocation
As described in [2], symmetrical RB allocation in DL contiguous CA is needed because of empty DC carrier place.

DL/UL symmetrical 

There are some special considerations for TDD contiguous CA. First, DL/UL contiguous carrier aggregation must be symmetrical for TDD. Hence, the number of component carriers and the bandwidth of each component carrier in UL and DL will be the same. And, the channel spacing and CA rules must be consistent between DL and UL for TDD. 
Asymmetrical CA bandwidth capability between eNB and UE sides

In typical deployment scenarios, DL/UL is symmetrical both in UE and eNB sides. But the contiguous CA bandwidth capability may be different between eNB and UE sides. Considering the cost, implementation complexity, and network deployment, maybe in a network there are many kinds of UE with different contiguous CA bandwidths capability. For example, at eNB side we have 60MHz CA bandwidth, and the network may have to support three types of UEs with 20MHz (Rel-8 UEs), 40MHz, and 60MHz CA bandwidth capability. In order to be compatible with different contiguous CA bandwidths arrangement in UE side, eNB should consider the channel arrangement carefully. A practical example is the Rel-10 contiguous CA scenarios of LTE TDD, which has 50MHz and 40MHz CA bandwidth for eNB and UE respectively. We will discuss the arrangement in details in next chapter.
2.2 Channel arrangement for TDD contiguous CA scenarios

In last chapter, we summarize the major factors of channel arrangement for contiguous CA. Based on these rules, we analyze channel arrangement for TDD contiguous CA scenarios in detail. 
TDD intra-band contiguous CA scenarios in Rel-10 WI
In RAN4 Adhoc#10-2, intra-band contiguous CA scenarios for Rel-10 WI were agreed in [7] and [8] for eNB and UE separately. We list intra-band contiguous CA scenarios in tables below. From the tables below, we can see for TDD the contiguous CA bandwidths in eNB side is 50MHz, but the value in UE side is 40MHz at first phase. This inconsistent contiguous CA bandwidths capability between eNB and UE will effect the CA implementation both in UE and eNB sides as discussed above.
We propose some clarification needed in BS TR : 

For TDD CA, DL/UL is symmetrical both in UE and eNB sides. But the contiguous CA bandwidths capability is different between eNB and UE sides. For eNB, the CA bandwidth is 50MHz. For UE, the first phase CA bandwidth is 40MHz, which means the allocated contiguous BW for a single UE will not over 40MHz. The channel arrangement in eNB side should be considered carefully in order to be compatible the UE side implementation with 40MHz capability.
Table 1 Intra-band contiguous CA scenarios in BS side

	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL)  band
	Duplex

mode

	
	
	UE transmit / BS receive
	Channel BW MHz
	UE receive / BS transmit
	Channel BW MHz
	

	
	
	FUL_low  (MHz) –  FUL_high (MHz)
	
	FDL_low  (MHz) –  FDL_high (MHz)
	
	

	CA_40
	40
	2300
	–
	2400
	[50]
	2300
	–
	2400
	[50]
	TDD

	CA_1
	1
	1920
	–
	1980
	40
	2110
	–
	2170
	40
	FDD


Table 2 Intra-band contiguous CA scenarios in UE side

	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL)  band
	Duplex

mode

	
	
	UE transmit / BS receive
	Channel BW MHz
	UE receive / BS transmit
	Channel BW MHz
	

	
	
	FUL_low  (MHz) –  FUL_high (MHz)
	
	FDL_low  (MHz) –  FDL_high (MHz)
	
	

	CA_40
	40
	2300 
	–
	2400 
	[401)]
	2300 
	–
	2400 
	[401)]
	TDD

	[1) For the first phase of LTE TDD CA for UE side, with eventual goal for 50MHz]

	CA_1
	1
	1920 
	–
	1980
	40
	2110
	–
	2170
	40 
	FDD


Contiguous CA allocation - 40MHz （UE side）
First, we discuss the channel allocation for 40MHz contiguous CA. Two CCs with 20MHz channel bandwidth are reasonable. According to channel spacing, there are two options as list below:
· Option1 :Compact aggregation-Minimum value (18.3MHz)
Assign two CCs symmetrically with carrier frequency at [-9.15 9.15] MHz as shown in figure 1. 

Advantage: Largest channel edge guard band, low interference out of aggregated channel, lowest FFT/IFFT points and ADC bandwidths

Disadvantage: Possible adjacent channel interference in aggregated channel as the guard band between CCs almost zero
· Option2 : Keep some guard band between CCs
As shown in figure 2, we assign two CCs symmetrically with carrier frequency at [-9.6 9.6] MHz. The channel spacing between them is 19.2MHz, and the overall occupied bandwidth is 37.2MHz. 
Advantage: Hence, the edge guard band at each side is over 1MHz, and the guard band between two CCs is around 1.2MHz. Based on the allocation, we can decrease the adjacent channel interference both in aggregated channel bandwidth and out of channel bandwidth. And in addition, we can assign a small carrier in the middle of aggregated bandwidth if we want. Option 2 can be deployed based on the flexibility of network assignment.
Disadvantage: The FFT/IFFT points and ADC bandwidths will increased.
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Figure 1 40MHz allocation option 1
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Figure 2 40MHz allocation option 2
Contiguous CA allocation -50MHz BS side

Second, we will discuss the channel arrangement for BS with 50MHz CA bandwidths based on UE capability of 40MHz at first phase Several possible options are discussed below.
· Option1: 20MHz + 10MHz +20MHz
As shown in figure 3, we can assign central frequency of CCs at [-14.7 0 14.7] MHz relative to channel centre respectively.
Compatibility with UE: The compatible UE CA bandwidth for this allocation is 50MHz. As this option requires that UE has 50MHz receiver capability, it is in fact not feasible at first phase. 
But for eventual goal of UE, when UE has 50MHz contiguous CA capacity, this option is preferred as this option has minimum CC number and feasible channel bandwidth combination. The guard band between CCs is around 1.2MHz, and we still have enough guard bands in channel edge.
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Figure 3 50MHz allocation option 1
· Option2: 20MHz +20MHz +10MHz

As shown in figure 4, we can assign central frequency of CCs at [-14.7 4.5 19.2] MHz relative to channel centre respectively. Based on this allocation, overall channel BW is 47.4MHz. And the reserved guard bands between CCs and channel edge are over 1MHz.

Compatibility with UE: The most problem of this option is DC carrier place. As analysed in contribution [2], this option is not compatible with both 40MHz and 50MHz’ UE. 
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Figure 4 50MHz allocation option 2
· Option 3: 5MHz +20MHz +20MHz+5MHz
· Compatibility wit UE: This option seems feasible for both 40MHz and later update 50MHz. It is symmetrical for both of them. The detailed channel allocation will depend on network deployment scenarios. We list three options:

· Option 3a： [-21.75 -9.15 9.15 21.75] MHz

As shown in figure 5, this option keeps enough guard band (1.2MHz) between central 40MHz and edge 5MHz. The overall occupied bandwidth is 48MHz. 
This option is consistent with UE capability. It is useful for first phase 40MHz terminal. This option keep enough guard between the 40MHz and the two edge CCs which is useful to decrease the inferences between them.
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Figure 5 50MHz allocation option 3a
· Option 3b： [-21.9 -10.5 10.5 21.9]
As shown in figure 6, the overall occupied bandwidth is 48.3MHz. The large guard band between the two 20MHz CCs can be used to add a small bandwidth carrier such as 3MHz carrier with highest spectral efficiency. But it is not preferred for fist phase UE with 40MHz capability, because there are minimal guard band between edge CCs and middle 40MHz, and it requires large IFFT/FFT points and ADC bandwidths for 40MHz’s UE. Meanwhile it will result in interference between 40MHz UE and Rel-8 UE allocated at the edge 5MHz.
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Figure 6 50MHz allocation option 3b
· Option 3c： [-21.9 -10.5 10.5 21.9]
As shown in figure 7, the overall occupied bandwidth is 48.3MHz. It is consistent with UE with 40MHz CA bandwidth. Also from the view of adjacent CCs’ interference, this option is mostly preferred as the guard bands between the four CCs and aggregated channel band are all around 1MHz.
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Figure 7 50MHz allocation option 3c
Based on the above analysis we think option 3c for 50MHz are more feasible for BS considering compatibility issue with UE at first phase.
3 Conclusion
In this contribution, we analyzed the possible channel arrangement combinations for TDD contiguous scenarios in Rel-10. The following gives our proposals:
· Proposal 1: Considering DL/UL interference of adjacent component carriers in some deployment scenarios, reservation of some guard band between adjacent CCs should be considered. We propose at least Rel-8 guard band ~1MHz should be kept from adjacent channel interference view. 
· Proposal 2: For TDD, CA rules and channel arrangement in BS and UE sides should be consistent.
· Proposal 3: For 40MHz CA bandwidth, we propose allocate two 20MHz CCs with 19.2MHz channel spacing.
· Proposal 4: For 50MHz CA bandwidth of eNB side, option 3c are preferred.
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