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Introduction
Regarding the channel arrangement for the band 1980-2010/2170-2200MHz in region 1 and 3 [1-2], there has been several proposals [3-8] to define the channel arrangement to cover the Band 1, too. However, the consensus has been made that it is not possible to include all the Band 1 frequencies without relaxing the Band 1 requirement either by a single duplexer with 90MHz pass-band bandwidth or dual 50MHz duplexers covering the entire 90MHz pass-band (See WF1 below).

Nonetheless there are still some interests [4-8] in extending the channel arrangement to cover the Band 1 frequencies partially so that a portion of Band 1 can still be used shared with the MSS band 1980-2010/2170-2200MHz by the intra-band carrier aggregation. (Note that the MSS band coexists with Band 1 whereever available.)

In RAN4#69, Way forward on how to define a new channel arrangement [9] was agreed in the following.

To facilitate the discussion on assumed channel arrangements for 2GHz MSS band in SI(FS_LTE_1980_2170_Korea) and SI(FS_2GFDD), narrow down the scope of assumed channel arrangements for 2GHz MSS band

· Way forward 1
· The following channel arrangement is not a candidate band.
· UL: 1920 – 2010 MHz, DL: 2110 – 2200 MHz 
· Way forward 2
· Companies are encouraged to study the following channel arrangement.
· UL: 2010 – X MHz, DL: 2200 – X MHz
· 30 MHz ≦ X ≦ 70 with 10 MHz step
· Note that the channel arrangement for X = 30 is the same as originally proposed in the SI(FS_LTE_1980_2170_Korea).
· Way forward 3
· A value of X to satisfies both SIs should be identified. 


Based on the agreed WF, we study the channel arrangements for the new band.


Band 1 allocation in Region 1 and 3
In this section, we study the benefit of extending the channel arrangement from the standalone arrangement, 2x30MHz. We study a single arrangement for both SIs agreen in WF3.

Figure 1 shows the 2GHz spectrum allocations in some countries of Region 1 [10] and Region 3. Most of the blocks in Band 1 are used for UMTS and will be for the time being especially in Europe. Nevertheless, let us assume both Band 1 and the new band can be used for LTE. Then, the figure illustrates how we potentially benefit from the extension. 

By extending the channel arrangement of the new band, some portion of Band 1 blocks are covered by the newly defined band. The yellow block is the part covered by X=40 or greater, the green blocks are the parts covered by X=50 or greater, the blue blocks are covered by X=60 or greater, and the orange blocks are covered by X=70. Those colored blocks can be used for the shared band operation (such as intra-band carrier aggregation either contiguous or non-contiguous).




Figure 1. The spectrum allocation examples in Region 1 and 3.

Observation 1: By extending the operating bandwidth of the new band, more allocated blocks in Band 1 can be used shared with the new band.
However, in some Region 1 deployments, the block allocations have sub-MHz offsets. Therefore, the 10MHz step size may not be the best to fit with these allocations in order to maximize the possibility of shared band usage. For example, instead of 2x50MHz, the channel arrangement of 2x50.3MHz can support more countries.

Observation 2: The band 1 allocation in Region 1 may not fit with 10MHz step size agreed in Wayforwad 2. The alignment with block allocations may be beneficial to maximize the possibility of shared operation of Band 1 and the new band as a bandwidth alternative.
It is noted again that those blocks are today used for UMTS and will be so for the time being. Thus, the need for such extension is not imminent. However, it is necessary to consider this aspect in making a final suggestion to the channel arrangement.
Even though the entire allocated block is not covered by the channel arrangement, it is still possible to partially share the sub-block within the allocated block. Some operator may refarm the UMTS frequency partially to LTE only in the higher frequency channels within its allocated block. In that case, the higher frequency sub-block can be shared among the two bands. Thus the partial coverage may still have a benefit in such case, although the block usage is not fully flexible.
Proposal 1: The aspects of block allocation in both regions shall be considered before the value “X” is selected.


UE RF requirement and duplexer feasibility
The single duplexer implementation has been proposed in [6-8]  to support the new channel arrangement. The single duplexer for the new band is attractive because it does not affect the Band 1 requirement. Furthermore, there is no limitation in the channel bandwidth or the component carrier placement within the new channel arrangement.
 
The previous discussions in RAN4 indicate that the new channel arrangement should meet the similar RF requirement as Band 1. In other word, the single duplexer to support the new arrangement shall have a similar insertion loss (of the pass-bands), out-of-band emission (including to own Rx) and out-of-band blocking (including of the own Tx). Therefore we propose the following.

Proposal 2: The following RF requirement for the new channel arrangement shall reuse the Band 1 requirement
* UE maximum output power and its tolerance
* Spurious emission to the coexisting bands particularly Band 3 and PHS band but except for Band 33/34/39
* Reference sensitivity power level	


In the second bullet, Band 34 is excluded in order to align with the ongoing discussion about the Band 34 coexistence, where we use A-MPR (or RB restriction) [11] which is not used in Band 1. Thus this coexistence requirement clearly differs from Band 1 requirement.
For Band 33/39, a similar Tx mask used in Band 1 can be assumed. However, there will a band gap, (90-X) MHz, between the new channel arrangement and Band 33/39. The emission mask available today needs to be shifted by this amount. Then only the emission limit to Band 33 should be kept assuming Band 39 does not coexist.
 
Now we study the duplexer characteristics for each possible channel arrangement, X={40, 50, 60, or 70}. The following items are the main constraints used in designing a duplexer.
  (a) Tx spurious emission to the coexisting bands 
  (b) Tx emission to Rx band
  (c) Rx rejection of Tx band
 
Indeed, we can conclude that Proposal 2 can be met up to X=60 without analyzing it in detail. This is because the pass-band bandwidth of Band 1 duplexer is 60MHz. The design constraints for X=60 are in principle the same; thus the duplexer characteristics for the new arrangement X=60 can be identical to the Band 1 duplexer with a 30MHz frequency offset.

The constraints are more relaxing for X=30, 40, and 50; thus better RF charactersitcs than Band 1 duplexer can be achieved. However, we foresee no need for improving further than Band 1.

Observation 3: There is no technical issue foreseen in the new channel arrangement up to X=60MHz in order to meet Proposal 2.

For X=70, the constraint (a) is actually relaxed for the new channel arrangement because the coexisting bands such as Band 3, Band 33 and PHS are further away from the MSS band . This is already pointed out in [7]. Therefore we will have more freedom to achieve a better Tx characteristic. The constraints (b) and (c) are less relaxing because the Tx-Rx band separation is reduced to 120MHz (from 130MHz of Band 1 duplexer). Thus, we have slightly more tight constraint. If these tight and relaxed constraints are balanced, the duplexer for X=70 is likely feasible to meet Proposal 2. Band 1 duplexer has been in use for more than decade and a lot of optimization has been made to have quite a margin. The same technology can be applied to design the duplexer for the arrangement of X=70.

Observation 4: X=70MHz is also likely to meet Proposal 2.

As we pointed out in Observation 1, we see more benefit by extending the channel arrangement further. It maximizes the possibility of shared usage of the bands in the future. Therefore we propose the maximum possible arrangement that is feasible, which we assume X=70 based on Observation 3 and 4.

Proposal 3: X=70MHz  is recommended.



Conclusion
In Chapter 2, we have discussed how the band extension benefit for the shared use of MSS band together with Band 1. 

Observation 1: By extending the operating bandwidth of the new band, more allocated blocks in Band 1 can be used shared with the new band.
Observation 2: The band 1 allocation in Region 1 may not fit with 10MHz step size agreed in Wayforwad 2. The alignment with block allocations may be beneficial to maximize the possibility of shared operation of Band 1 and the new band as a bandwidth alternative.
Proposal 1: The aspects of block allocation in both regions shall be considered before the value “X” is selected.


In Chapter 3, we have proposed the requirement for the new band. Then the feasibility of the duplexer implementation is discussed if the band extension is feasible or not.

Proposal 2: The following RF requirement for the new channel arrangement shall reuse the Band 1 requirement
* UE maximum output power and its tolerance
* Spurious emission to the coexisting bands particularly Band 3 and PHS band but except for Band 33/34/39
* Reference sensitivity power level	

Observation 3: There is no technical issue foreseen in the new channel arrangement up to X=60MHz in order to meet Proposal 2.

Observation 4: X=70MHz is also likely to meet Proposal 2.

Proposal 3: X=70MHz  is recommended.
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