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1 Introduction

Co-existence scenario with PHS system in Japan has been frequently discussed in RAN4 for example in [1] and especially “Lower Band 1 usage in Japan” has been revisited since RAN4#64 [2] – [3]. The concept of efficient utilization of frequency band has seemed to be supportive in RAN4 and many companies suggested requirements based on their simulation results [3] – [7] in RAN4#64-bis. This contribution comprises following:
i) Re-visit proposals in RAN4#64-bis. 

ii) Summarize and make comparable formats so that we can understand differences between companies

iii) Suggest how to capture requirements into TS36.101

Background of this topic will be skipped because all of relevant companies understand.
2 Proposals in RAN4#64-bis
In this section, we would like to have common understanding based on only facts. 

In RAN4#64-bis, five companies made contributions with their simulation results. There are some formats which are proposed in contributions and we might have a little difficulty to understand.  Therefore, comparable formats will be shown in Section 3. Note that proposal in [6] suggests to utilize outermost RBs of PUCCH as PUSCH. However, it might cause unexpected IMDs (Inter-modulation Distortion). In order to protect PHS system perfectly, we agree to exclude the use case and modified not to allocate any data outermost of PUCCH.
I) For 15 MHz CBW case with Fc = 1932.5 MHz

Figure 1 summarizes contributions in Santa Rosa for 15 MHz CBW case (Fc = 1932.5 MHz). 
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[7] R4-125501

Applicable when NS_05 in section 6.6.3.3.1 is signalled by the network and for transmission in the range
1920-1940 MHz when NS_01 is signalled under the following conditions: for carriers of 20 MHz channel
bandwidth with carrier frequencies = 1930 MHz for uplink transmission bandwidths < [30] RB with RBstart >
[29] and RBend < [70]; for carriers of 15 MHz channel bandwidth with carrier frequencies = 1932.5 MHz for
uplink transmission bandwidths < [36] RB with RBstart > [12] and RBend < [63]; for carriers of 10 MHz
channel bandwidth with carrier frequencies = 1925 MHz for uplink transmission bandwidths < [12] RB with
RBstart > [10] and RBend < [39].





Figure 1. 15 MHz CBW case with Fc = 1932.5 MHz
II) For 20 MHz CBW case with Fc = 1930 MHz

Figure 2 depicts proposals in Santa Rosa for 20 MHz CBW case (Fc = 1930 MHz). 
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Applicable when NS_05 in section 6.6.3.3.1 is signalled by the network and for transmission in the range
1920-1940 MHz when NS_01 is signalled under the following conditions: for carriers of 20 MHz channel
bandwidth with carrier frequencies = 1930 MHz for uplink transmission bandwidths < [30] RB with RBstart >
[29] and RBend < [70]; for carriers of 15 MHz channel bandwidth with carrier frequencies = 1932.5 MHz for
uplink transmission bandwidths < [36] RB with RBstart > [12] and RBend < [63]; for carriers of 10 MHz
channel bandwidth with carrier frequencies = 1925 MHz for uplink transmission bandwidths < [12] RB with
RBstart > [10] and RBend < [39].





Figure 2. 20 MHz CBW case with Fc = 1930 MHz 
All of suggestions share same concept.  In detail, differences are following:
I) How many PUCCH overprovisioning is required

II) How many contiguous PUSCH limitation is imposed

To protect Japanese PHS system below sufficient level (- 41 dBm/300kHz) with appropriate margin, it would be difficult in RAN4 to approve the tightest requirements [3]. On the other hand, explosive mobile data growth has been one of the biggest headaches for operators all over the world and, therefore, requirements should be settled taking into account efficient utilization of frequency band.  The observation in this section is following:

Observation: Suggestion in [3] would be difficult to approve in RAN4.
We will find technically realistic requirements from suggestion in [4] – [7].
3 Comparable Formats
Regarding discussion in section 2, there will be no objection to exclude the tightest proposal from this technical specification work. What we should do next is to compare/study/review all of proposals in detail, however, formats are not standardized and therefore we create unified tables based on proposal from [3], [4] and [5].
For the 20 MHz CBW case with Fc = 1930 MHz, followings are understood:

i) As framed with blue line, the numbers of required PUCCH overprovisioning are 7, 7, 8 and 12, respectively ([4] – [7]).

ii) As highlighted with red box, allowed maximum numbers of contiguous  PUSCH allocation are 40, 40, 40, and 32, respectively ([4] – [7]) around Start_RB = 20.

iii) As framed with green line, although quite slight differences are observed below Start_RB = 33, this is not a critical issue but works as a margin level. If this kind of difference becomes threshold of PHS co-existence requirement, the settlement of margin level might not be appropriate with the proposal.

iv) When we take a look at region with Start_RB = 8 ~ 14, the number of maximum PUSCH allocation varies from 25 – 36. Because it is one of the nearest areas from PHS system, we would like to have the safest requirements of all. Namely, our preference is to specify 25 RBs in this region.
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Figure 3. Unified format for 15 MHz CBW case with Fc = 1932.5 MHz
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Figure 4. Unified format for 20 MHz CBW case with Fc = 1930 MHz
For the 20 MHz CBW case with Fc = 1930 MHz, followings are understood:
i) As framed with blue line, the numbers of required PUCCH overprovisioning are 24, 24, 25 and 29, respectively ([4] – [7]).

ii) As highlighted with red box, allowed maximum numbers of contiguous  PUSCH allocation are 32, 36, 32, and 30, respectively ([4] – [7]) around Start_RB = 40.

iii) As framed with green line, although quite slight differences (1 ~ 2 RBs) are observed below Start_RB = 45, this is not a critical issue but works as a margin level. If this kind of difference becomes threshold of PHS co-existence requirement, the proposal does not include enough margin level.

iv) When we take a look at region with Start_RB = 28 ~ 34, the number of maximum PUSCH allocation varies from 20 – 32. Because it is one of the nearest areas from PHS system, we would like to have the safest requirements of all. Namely, our preference is to specify 20 RBs in this region.
Summarizing discussion in this section, we believe that proposal in [6] is appropriate approach to satisfy both of PHS co-existence requirement and efficient utilization of frequency band.
Proposal 1: Suggestion in [6] should be captured as requirements for TS36.101 from Rel-8.
4 How to capture requirements into TS 36.101
In this section, how to capture agreed requirements into TS36.101 is suggested. If we use tables in Figure 3 and 4, TS36101 becomes vertically too longer than it used to be. Here we would like to also refer formats suggested in [6] as we proposed in our way forward document in Santa Rosa [8]. Namely, we support formats following:
<<Unchanged sections omitted >>
4.1.1.1.1 6.6.3.3.1 
Minimum requirement (network signalled value "NS_05")

When "NS_05" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.3.3.1-1. This requirement also applies for the frequency ranges that are less than ΔfOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth. 

Table 6.6.3.3.1-1: Additional requirements (PHS)

	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 
	Note

	
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	
	

	1884.5 f 1915.7
	-41
	-41
	-41
	-41
	300 KHz
	2

	NOTE 1:
Applicable when the lower edge of the assigned E-UTRA UL channel bandwidth frequency is larger than or equal to the upper edge of PHS band (1915.7 MHz) + 4 MHz + the channel BW assigned, where channel BW is as defined in subclause 5.6. Operations below this point are specified in Table 6.6.3.3.1-2 and 6.6.3.3.1-3.


Table 6.6.3.3.1-2: 15 MHz CBW case (Fc = 1932.5 MHz)

	RB_start
	0 – 7
	8 – 14
	15 – 21
	22 – 66
	67 – 74

	L_CRB [RBs]
	> 0
	≤ 25
	≤ 36
	≤ 40
	> 0

	Permitted?
	No
	Yes
	Yes
	Yes
	No


Table 6.6.3.3.1-3: 20 MHz CBW case (Fc = 1930 MHz)

	RB_start
	0 – 24
	25 – 34
	35 – 74
	75 – 99

	L_CRB [RBs]
	> 0
	≤ 20
	≤ 32
	> 0

	Permitted?
	No
	Yes
	Yes
	No


NOTE:
For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth (300 kHz).
<<Unchanged sections omitted >>
Examples:
I) Assumption: 15 MHz CBW with Fc = 1932.5 MHz case, RB_start = 25: when scheduler tries to allocate RBs, the region is allowed to use up to 40 RBs. Therefore, in this case, terminal can use 40 RBs if one UE case is considered. 
II) Assumption: 15 MHz CBW with Fc = 1932.5 MHz case, RB_start = 43: when scheduler tries to allocate RBs, the region is allowed to use equal to or less than 40 RBs. Therefore, in this case, terminal can use only 24 RBs (start from 43 to 66) because region between RB_start = 67 – 74 cannot be used. 
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Example I): Up to 40 RBs could be used
Example II): Up to 24 RBs could be used





Figure 5. Examples for your understanding
As confirmed in Example I) and II), suggested format guarantees the only one interpretation in every case we will have. We believe it is suitable for TS36.101. CRs capturing this method are submitted at the same time from Rel-8 to Rel-11 [9] – [12].
Proposal 2: The format in [6] should be captured as requirements for TS36.101 from Rel-8
5 Conclusion
In this contribution, we discuss and summarize suggestions/proposals regarding lower Band 1 usage in Japan. To achieve co-existence between 15/20 MHz CBW LTE and PHS system simultaneously, and also to utilize our frequency band as efficiently as possible, PUCCH overprovisioning and operational limitation (contiguous PUSCH limitation) has been suggested. Concept itself has been well-supported in RAN4 and many contributions are provided thanks to kind collaboration.  Our proposals are following:
Proposal 1: Suggestion in [6] should be captured as requirements for TS36.101 from Rel-8
Proposal 2: The format in [6] should be captured as requirements for TS36.101 from Rel-8
Relevant CRs are found in [9] – [12].
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