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1
Introduction
In the last RAN4 meeting, it is agreed to remove the 50MHz scenario for CA 40MHz in [1], and it is proposed to define both 40MHz and 50MHz RF requirements for TDD. In this contribution we will discussion the suitable channel arrangement and the related problem first since the RF requirement closely related to the detail channel arrangement. 
2 Discussion
2.1 DL/UL symmetrical
As discussed in [2], typically a traditional TDD design is symmetrical for UL and DL capability in terms of the UE operating bandwidth and the centre frequency which will benefit the RF design by using a common LO and filter for transmitter and receiver. Also as indicated in [1], it is not possible to signal different TDD DL and UL Bandwidth at least in Rel-9. The UL BW parameter is absent and it is equal to the downlink bandwidth for TDD. This precludes an asymmetric 50 MHz downlink and 40 MHz uplink for TDD UE. Hence, it is proposed that the number of component carriers and the bandwidth of each component carrier in UL and DL are the same for both TDD ENB and TDD UE. It means that not all the 50MHz are allocated to a Rel-10 UE with 40MHz capability. 
2.2 DC carrier issue and possible solutions
In Rel-8, an additional sub-carrier that does not contain any data is inserted in the middle of DL CC. The reason is that practical UE receiver design needs to exclude the sub-carrier which would be located on DC after down conversion.
As described in [3], CC allocation needs to consider the location of DC-carrier. In Rel-10, there are two possible channel arrangement types for eNB as show in figure 1: 

· Type A: Symmetrical allocation according to channel centre frequency
In this type of channel arrangement, the centre sub-carrier is located at the guard band between CCs or overlap with Rel-8 central empty sub-carrier such as the 20+20MHz scenario and 20+10+10MHz scenario In this case there is no collision between ENB CA DC-carrier and the used sub-carriers. 
· Type B: Asymmetrical allocation

For eNB, it does not preclude asymmetrical channel arrangement according to CA channel central frequency. As an example shown in figure1, 10+20+20MHz deployment scenario is an asymmetrical allocation for 50MHz aggregated channel bandwidth. In this case, CA channel centre DC carrier (red line) will collide with the used sub-carriers with the second CC. Further more, UE DL resource allocation may be asymmetrical in relation to the eNB CA centre even though the channel arrangement is symmetrical in eNB side. As shown in figure 2 below, the channel arrangement is 20MHz +10MHz +20MHz for eNB. We can assign CC1 and CC2 or CC 2 and CC3 for UEs which has 30MHz CA capability. The DC-carrier position in UE side will collide with the used sub-carriers by eNB for both these two UEs.  Then information carried by this sub-carrier will be lost with current UE receiver architecture.  If the lost sub-carriers carry important information like DCI or CFI, then the information loss will be fatal. In summary, we need to consider Rel-10 UE DC carrier collision with the normal used sub-carrier by eNB.
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Figure1: CC allocation Type in eNB side
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Figure2: UE DL asymmetrical resource allocation in relation to CA ENB channel centre
Solutions to the DC carrier collision in asymmetrical channel arrangement 

· Solution 1:  Restrict CA channel arrange  type

As described in [2], it is proposed to restrict that the eNB CA channel arrangement should be symmetrical in relation to channel centre. 

Advantage: 
a. No influence of implementation
b. spec modification is negligible

Disadvantage: 
a. This proposal excludes asymmetrical DL allocations which may be very useful or unavoidable depending on different factors or considerations.  Take eNB 50MHz aggregated channel bandwidths as example, the combination of 10MHz+20MHz+20MHz is more feasible taking UE CA capability of 40MHz into account. 
b. This cannot solve all the UE DC carrier collision issue. 

· Solution 2: Insertion empty sub-carrier
Also as described in [2], the DC collision can be solved by changing RAN1 spec and allowing unused sub-carrier to be inserted into arbitrary position. 

Advantage: 
a. No restriction of CC allocation
b. No influence of the implementation of UE.
Disadvantage: 
a. As the empty sub-carrier position is related to quite many variables, network signalling overhead will be increased.
b. It is still a little bit hard for increasing workload as that much at such a later stage of Rel-10. 
c. As the location of the additional empty sub-carrier is unknown to Rel-8 UEs, it is incompatible with Rel-8/9 based on this option.
· Solution 3: Reasonable network scheduling 
This solution discusses whether it is possible to solve this by scheduling. 
First, the location of the DC-carrier can be calculated by eNB according to the CA capability of the Rel-10 UE to be considered. Then we can remove the collision by scheduling data for the UE under consideration on other resources than the collision one. DL physical resources carry different types of physical channel and physical signals. The mapping types to physical resources are different for different downlink physical channel. We will analyze the physical resources scheduling methods and the possible impact for each DL physical channel.
a.  PDSCH: carrying data, through DL physical resources allocation, we can avoid to allocate the PRB or RBG where DC-carrier is located to the UE when collision happens.
b.  PCFICH: The location of CFI is related to physical cell ID, we can adjust 
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c.  PHICH: The location of HI is related to
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, we can also schedule to avoid collision.
d. PBCH, synchronization signal: As they are located in the middle of 72 sub-carriers, the collision will not happen for most scenarios, such as the 50MHz CA case as shown in figure 2. 

e. Reference Signal: The location is related to physical cell ID, we can also adjust 
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 to avoid the collision. But as the collision is only one sub-carrier, we think the influence is negligible even with no scheduling.

f. PDCCH:  We can adjust the set of PDCCH candidates to avoid the collision. As PDCCH have bits interleaver, the scheduling to avoid collision is more complicated than other case. But only one RE lost and the coding rate is low for PDCCH. Since it can forecast that the 50MHz ENB deployment scenario only considers larger bandwidth than 5MHz, the performance degradation can be negligible due to large number of CCEs can be used. Performance degradation due to this collision may need to be evaluated. But it can be forecast that the impact is negligible in large channel bandwidth.
Advantage: 
a. No restriction of CC allocation

b. No influence of the implementation of UE

c. Workload for spec modification is negligible. 
d. Can solve the UE DC carrier collision with the normally used sub-carrier by eNB
Disadvantage: 
a. Increase the complexity of eNB scheduler. 
From the above analysis we propose,
Proposal 1:  option 3 network scheduling be used to solve DC carrier collision problem

3 Channel arrangement for TDD 50MHz scenario
As discussed in section 2 the DC carrier collision problem will have restrictions on the ENB CA channel deployment. Since the RF requirements have close relation to the edge carrier which is determined by the deployment and channel arrangement, the system deployment and channel arrangement should be considered first. This chapter will discuss each possible deployment scenario based on the UE capability and DC carrier collision solutions in chapter 2.

ENB channel deployment scenario may have the following options.
Scenario 1: 20MHz+10MHz+20MHz

Scenario 2: 20MHz+20MHz+10MHz

Scenario 3: 5MHz+20MHz+20MHz+5MHz

The main Rel-10 TDD UE capability in [4] includes 20MHz+10MHz capability and 20MHz+20MHz capability. 

· Scenario 1:
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Discussion: 

For Rel-10 UE with 40MHz capability, DC carrier collision problem does not exist since the UE DC carrier position will be located in the guard band between CC1 and CC2 or CC2 and CC3. 
For Rel-10 UE with 30MHz capability, DC carrier collision problem will happen because the UE DC carrier position will be located on the used carrier in either CC1 or CC3. But this kind of collision can be removed network scheduling described in Chapter2 option 3. 
For other possible Rel-10 UE capabilities, it can be solved similarly
· Scenario 2:
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Discussion: 

For Rel-10 UE with 40MHz capability, DC carrier collision can be removed by scheduling the UE to use the left side spectrum since the DC carrier position is just the center of the guard band between CC1 and CC2.

For Rel-10 UE with 30MHz capability, DC carrier collision will happy on one sub-carrier either on CC1 or CC2. Also this can be solved by network scheduling method described in Chapter2 option 3. 

For other possible Rel-10 UE capabilities, similar problem does exist.
However this scenario does not match the principle of symmetrical RF requirement design. The eNB implementation needs to consider different RF requirement optimization on the two channel edges.
Scenario 3:


[image: image8.emf]CC2    18MHz

CC3   18MHz

CC4

4.5MHz

18+ [x] MHz

45 + [x ]+ 2*[z ]MHz

[z]

MHz

[z]

MHz

45

 

+

[

x

] 

+

 

2*

([

y

] 

+

 [

z

] )

M

Hz

CC1

4.5MHz

11.25 + [z]  MHz

Guard Band

Guard Band

[x]

MHz

[y]

MHz


Discussion: 

For Rel-10 UE with both 40MHz capability, DC carrier collision problem 2 is not an issue if it uses the 2 centre 20MHz CC. 
For Rel-10 UE with 30 capability, DC carrier collision will happen on one sub-carrier in either CC2 or CC3. Also this can be solved by network scheduling method described in Chapter2 option 3.

However this scenario is too fragmental and not so efficient comparing to scenario 1. More over, the relatively smaller edge carrier will put slightly more stringent implementation requirement for eNB. 

Based on the discussion it is seen that both symmetrical (symmetrical) and asymmetrical (asymmetrical) scenarios are feasible by introducing network scheduling. 
Proposal 2:  both symmetrical and asymmetrical scenario should be supported for 50MHz deployment.
4 Conclusion
In this contribution, we analyzed the DC-carrier collision issue and the possible solutions first. Then different scenarios are discussed based on different DC-carrier collision solution and Rel-10 UE capabilities.  We propose that
Proposal 1:  option 3 network scheduling be used to solve DC carrier collision problem

Proposal 2:  both symmetrical and asymmetrical scenario should be supported for 50MHz deployment.. 
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