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1 Introduction

Deployment scenario is the critical working assumption for carrier aggregation work item. After long-term discussion, a number of key deployment scenarios were determined in [1]. For CA_40, intra-band contiguous carrier aggregation, the BS channel bandwidth is 50MHz and UE channel bandwidth is 40MHz [2, 3]. In RAN4#56 meeting, it was agreed that several items should be followed when new carrier aggregated channel bandwidths were created.

· Individual component carrier within carrier aggregated channel follows REL-8 transmission bandwidth configurations for a given E-UTRA band but can be further reduced by allowing only a sub-set of those for particular CA operating band

· Number of component carriers follow CA channel bandwidth Classes defined in the following table
	CA bandwith class
	Aggregated Transmission 

Bandwidth Configuration, NRB, agg
[RBs]
	# CC’s

	A
	NRB, agg ≤ 100
	[1]

	B
	NRB, agg ≤ 100
	[2]

	C
	100 < NRB, agg ≤ [200]
	[2]

	D
	[200] < NRB, agg ≤ [300]
	[TBD]

	E
	[300] < NRB, agg ≤ [400]
	[TBD]

	F
	[400] < NRB, agg ≤ [500]
	[TBD]


One important open issue is whether the assignment of CCs should be symmetric for intra-band contiguous carrier aggregation. This paper gives further considerations on this issue.

2 Interference analysis
Table 1 and table 2 give the description of Band 40 intra-band contiguous carrier aggregation for BS and UE respectively. The BS requirements must support 50MHz from a cost-effective network deployment point of view. The UE shall support 40MHz for the first phase and with the eventual goal of 50MHz. No change of basestation RF hardware for supporting more frequencies is the preference of operator.
Table 1 Intra-band contiguous CA (BS)
	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
	501
	2300
	–
	2400
	501
	TDD

	CA_1
	1
	1920
	–
	1980
	40
	2110
	–
	2170
	40
	FDD

	Note 1: BS requirements will be developed for both 50 MHz and 40 MHz aggregated channel BWs for the CA_40 scenario in release-10 timeframe


Table 2 Intra-band contiguous CA (UE)

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

mode

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

	
	
	FUL_low  (MHz) –  FUL_high (MHz)
	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]


In RAN4 #56 meeting, the definition of CA bandwidth was discussed. It is a common view that the number of transmission band configurations for given CA channel bandwidth shall be limited. However, the limitation of configurations should allow operator the flexibility for network deployment. 
Figure 1 gives the preliminary carrier configurations for CA_40 50MHz intra-band carrier aggregation. Seen from the network transmitter side, configuration 1, 2, 3 and 4 are symmetric assignments and configuration 5 is asymmetric assignment at BS side. All of these configurations could be applied in future network deployment. 
[image: image1.png]



Figure 1 Transmission bandwidth configuration for CA_40 50MHz
The concern of asymmetric assignment is that the UE LO leakage interference may damage the sub-carrier in its DC baseband position due to current receiver architectures. In release 8/9, the centre sub-carrier in downlink transmission bandwidth is absent to avoid this risk (section 6.12 of TS36.211 V9.1.0 [4]). In release 10, the centre sub-frequency for each CC is absent seen in figure 2.
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Figure 2 CA channel bandwidth
Figure 3 gives several possible deployment scenarios for CA_40. Case 1 and 2 are symmetric deployment and case 3 and 4 are asymmetric deployment. It can be observed that even for symmetric deployment the DC interference could still exist if the UE receiver (single RF chain) is configured as 20MHz +10MHz. Furthermore, the DC interference can be avoided even in some asymmetric deployment scenarios. 

Furthermore, CA_40 is not the only concerned intra-band contiguous scenario. After the proof of concept phase, other frequency bands may also face the same interference problem, e.g. 3.4GHz, Band 38 etc. 
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Figure 3 Deployment scenarios for CA_40
In case 2, if the UE has two ZIF receivers to process each carrier, there is no DC interference. Therefore, we assume that single ZIF UE receiver is used to process all carriers in Table 3. 
Table 3 Description for each case
	No.
	BS carrier number
	UE carrier number
	Symmetric 
(network side)
	DC Interference

	1
	3
	3
	Yes
	No

	2
	3
	2
	Yes
	Yes

	3
	3
	2
	No
	No

	4
	3
	3
	No
	Yes


Observations
· DC interference is not band specific. Other deployment scenario in Band 38 or 3.4GHz may also face the same DC interference problem.

· The UE structure has big impact on the DC interference issue. Restrict the assignment of CCs in symmetric manner can not solve the DC interference problem.

· For some asymmetric assignment scenarios, the interference can still be avoided because the carrier falling into the UE receiver bandwidth are symmetric, as shown in case 3.

3 Candidate solutions

3.1 Physical layer solution
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Figure 4 Typical collision interference scenarios
From the figure above it can be noticed that UE LO leakage interference may damage the “conflict” sub-carrier in these typical deployment scenarios. One alternative solution is making small change on current OFDM signal generation method in TS36.211 by allowing unused sub-carrier to be inserted into arbitrary position. The absent position is variable which is determined by both the transmission carrier configuration and receiver carrier configuration. Furthermore, the UE should know or be noticed about the additional absent position(s).
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The modification of physical layer will cause backward compatibility problem for R8/9 UEs. If there are only a few R10 UEs attached to the cell, the network capacity will be affected by using this method. Furthermore, the set of the absent sub-carrier will be more complicated in case of dealing with multi R10 UE categories in the same cell. 
Observation

Modification of OFDM signal generation is not an attractive solution due to backward compatibility problem and other issues. 
3.2 Network implementations
The DC_offset interference can be solved by network implementations. A simple solution would be not to schedule the affected RBs if the interference is considered to be too high. An alternative way is using lower MCS for these RBs interfered by the DC_offset 

Figure 5 gives an example scenario for scheduling solution. The downlink transmission bandwidth is composed of “20MHz + 20MHz + 10MHz” CCs and the UE can support two 20MHz carriers. The UE (UE1) can be scheduled in the symmetrical carriers (CC1 and CC2) to avoid the interference. The network can also solve the DC_offset interference by not scheduling some RBs for particular UE (UE2). 

[image: image12.png]DL transmission bandwidth

cor cca cos
v R v v

UEL receiver bandwidth

— T —

UEZ receiver bandwidih




Figure 5 Scheduling solution 
Observation

The DC_offset interference can be solved or mitigated by network implementations.

3.3 RF optimization

The main problem inherent to the ZIF (zero intermediate frequency) architecture is DC offset which is mainly generated by the LO leakage. The DC offset problem in ZIF can be addressed by some optimization designs. 

· High pass filter: adding a high pass filter between the output of the mixer and baseband to mitigate the impact of DC offset. Depending on the high pass filter design, the energy at LO position is excluded if the impact on demodulation performance is negligible. This method is modulation scheme dependent.
· DC offset compensation/cancellation: designing a compensation scheme. The compensation scheme needs to measure the DC offset and then subtract it from the signal seen in figure 6. 

· Harmonic mixing: setting the LO frequency equal to half of radio frequency and using the second harmonic for mixer. Then the self-mixed signal caused by LO leakage will be a AC signal. 
However, it’s hard to have a cost effective DC suppression in real design implementation due to I/Q balance limitations and high pass filter roll off limitations. 
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Figure 6 Receiver design for DC offset compensation
An alternative solution is setting the LO leakage position to the right place by adjusting the frequency of LO, seen in figure 7. If the UE has two ZIF receivers for processing each of CCs, there is no DC interference. If the UE has single ZIF receiver, it can adjust its LO to the right place according to the network deployment. However, the adjacent channel interference may cause some performance degradation which is FFS. 
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Figure 7 Changing the DC position

Observation

The RF optimization could be a candidate solution to avoid the DC interference.

4 Conclusion

This paper gives further considerations on CA_40 deployment scenario related DC_offset interference. Based on the analysis, we get the following observations.

· DC interference is band independent. Other deployment scenario in Band 38 or 3.4GHz may also face the same interference problem.

· The DC interference can be solved by some solutions, e.g. network scheduling schemes, UE LO leakage suppression, UE DC position adjustment etc.

Therefore, both symmetrical and asymmetrical placement of DL component carriers should be supported for a given CA operating band. However, the number of combinations should be limited considering RAN4 and RAN5 standardization and test workload.
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