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1. Introduction

The requirement to limit UE emissions at or below -41 dBm/300kHz into the PHS band in Japan is well known and has been captured in the 36.101 specifications since Rel-8 under NS_05.  However, the applicability of NS_05 is currently limited to channels which are separated by at least the channel bandwidth + 4 MHz.  Operations below this point have been left for further study.  The intention of this contribution is to define the restrictions for channels operating in this lower part of Band 1.
2. Discussion

Network signal NS_05 provides a means to protect to PHS for channels which are separated by at least the channel bandwidth + 4 MHz.  Given that the PHS band ends at 1915.7 MHz [1], this implies that 5, 10, 15, and 20 MHz channels in Band 1 whose lower frequency edge is less than 1924.7, 1929.7, 1934.7, and 1939.7 MHz, respectively, do not have technical restrictions defined to enable coexistence with PHS.  This poses a challenge to the Band 1 operator controlling the lowest 20 MHz of the band, from 1920 - 1940 MHz uplink from deploying LTE in this band.  
To address this challenge, it has been proposed [2] to define intra-band carrier aggregation in Band 1 with a single 10 MHz uplink component carrier in the range 1930 - 1940 MHz paired with two downlink component carriers spanning the range 2110 - 2130 MHz.  This would enable 10 MHz uplink compliant with NS_05 and 20 MHz downlink via carrier aggregation but may have disadvantages in UE implementation requiring separate Tx and Rx local oscillators or separate radio chains for each component carrier depending on the implementation.  Another disadvantage is that this proposal requires Rel-10 carrier aggregation capability UE's to become available.
Alternatively, it has been suggested in [3] that the NS_05 clause in the specification be clarified and to have the "for further study" phrase resolved.  As part of this clarification, the technical restrictions for operating channels within the NS_05 guardband should be defined.  We focus on two scenarios of interest

1. 15 MHz channel in the range 1925 - 1940 MHz uplink / 2115 - 2130 MHz downlink (carrier centered at 1932.5 MHz), and 

2. 20 MHz channel in the range 1920 - 1940 MHz uplink / 2110 - 2130 MHz downlink (carrier centered at 1930 MHz).
The considerations for the UE to meet PHS emission limits are spectral regrowth for large uplink allocations, and IQ image and counter IM3 for narrowband allocations.

The motivation is a clarification to the Rel-8 and onwards specifications to define restrictions in a way that existing Rel-8 Band 1 UE's can comply with emission limits.  Furthermore, since these devices have already been designed and developed, it is not possible to add new requirements or new NS signaling conditions.  Therefore, the necessary restrictions must be enforced by the network scheduler.  It is the intent here to define the uplink allocation restrictions needed so that legacy Band 1 UE devices can meet the PHS emission limits given only the existing NS_05 A-MPR of 1 dB for allocations greater than or equal to 50 RB's.
2.1. Large allocations

Large uplink allocations must be restricted due to the spectral regrowth characteristics in the transmitter.  The NS_05 condition defines the necessary guardband as channel bandwidth + 4 MHz.  
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Figure 1.  NS_05 guard band definition for protection of PHS.
Band 1 devices have been designed with this principle in mind so that with such a guardband and the MPR of 1 dB allowed for wide allocations, the spectral regrowth is sufficiently controlled so that the PHS emission requirement of -41 dBm/300 kHz can be met.  Note that the actual guardband also includes the internal guardband of the channel since the frequency span of the transmission bandwidth configuration is 90% of the channel bandwidth.  
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Figure 2.  NS_05 guard band definition generalized for arbitrary uplink allocation.
Generalizing this principle of guardband, shown in Figure 2, as a function of transmission bandwidth configuration to transmission bandwidth shown as NRB in the figure (i.e., the bandwidth occupied by active resource blocks), we can define the necessary guardband as 

GB ≥ 4 + NRB(0.18/0.9) + NRB(0.18/0.9)(0.05) = 4 + 0.21* NRB (MHz).
Equivalently, given the starting RB location of the transmission, the maximum transmission bandwidth can be found to satisfy the guardband requirement.  Examples of this are shown in Table 1and Table 2 below for 15 and 20 MHz channels in Band 1.
In order to validate that the existing guideline for guard band definition provided in NS_05 is sufficient when generalized to arbitrary uplink allocation spaced more closely to PHS, lab bench measurements were taken.  For the existing NS_05 guard band definition, one of the most restrictive cases is a 10 MHz channel placed at center frequency 1937.5 MHz with 48 RB allocation.  This represents the minimum guard band just conforming to CBW+4 MHz and without any A-MPR allowed since the allocation is less than 50 RB's.  For this case, we measured the worst case emission to be -41.4 dBm/300 kHz in the PHS band, just meeting the requirement.  To compare, we also measured one of the most restrictive cases following the generalized rule with the least guard band.  This case was found to be the 20 MHz channel centered at 1930 MHz with start RB of 35 and length of the uplink allocation to be 36 for which the guard band is 11.6 MHz exactly complying with no additional margin to the generalized rule.  In this case, the measured worst case emission was found to be -41.5 dBm/300 kHz into the PHS band.  Thus, the measurements have indicated that the bound established by the generalized rule is sufficient to protect PHS. Indeed, the bound was found to be tight since the worst case waveform just barely meets the PHS emission limit in a similar way that the worst case waveform today just barely meets the existing NS_05 rule.
Rule 1.  The uplink transmission should start at an offset of at least 0.21* NRB  + 4 MHz from the 1915.7 MHz upper boundary of PHS, where NRB is the transmission bandwidth described in figure 5.6-1 of TS36.101.

2.2. Narrow allocations

Spectral regrowth encroachment into the PHS band can be contained by Rule 1 listed above.  However, narrow uplink allocations can also give rise to spurious emissions into the PHS band; in particular, the IQ image folding products and the counterIM3 intermodulation products can generation spurious products from 15 and 20 MHz transmissions landing into the PHS band.  To combat this without the aid of A-MPR, we define the regions of uplink transmission for which the IQ image folding and counterIM3 products do not reach the PHS band.  For 15 MHz scenario 1, we identify that uplink transmissions which avoid the outermost 7 RB's can avoid interference with PHS.  For 20 MHz scenario 2, we identify that uplink transmissions which avoid the outermost 24 RB's can avoid interference with PHS.
For the sake of simplicity of necessary changes to a closed specification and because the restrictions defined here must enable existing devices to comply with a regulatory requirement, we propose to restrict all transmissions to lie within the inner region constrained by narrowband allocations.  Therefore, for example, no uplink RB's would be allowed within the outermost 7 RB's of the 15 MHz channel centered at 1932.5 MHz.

Rule 2a.  For the 15 MHz channel with carrier centered at 1932.5 MHz, uplink RB's should not be allocated to the outermost 7 RB's of the channel.

Rule 2b.  For the 20 MHz channel with carrier centered at 1930 MHz, uplink RB's should not be allocated to the outermost 24 RB's of the channel.

2.3. Uplink allocation restrictions

Following the two rules defined above, the following uplink allocations are permitted

Table 1.  Permitted uplink allocations for 15 MHz channel with carrier centered at 1932.5  MHz.

	Start RB
	L_CRB

	7 - 8
	≤ 32

	9 - 13
	≤ 36

	14 - 18
	≤ 40

	19 - 23
	≤ 45

	24 - 28
	≤ 40

	29 - 32
	≤ 36

	33 - 36
	≤ 32

	37 - 38
	≤ 30

	39 - 41
	≤ 27

	42 - 43
	≤ 25

	44
	≤ 24

	45 - 48
	≤ 20

	49 - 50
	≤ 18

	51 - 52
	≤ 16

	53
	≤ 15

	54 - 56
	≤ 12

	57 - 58
	≤ 10

	59
	≤ 9

	60
	≤ 8

	61 - 62
	≤ 6

	63
	≤ 5

	64
	≤ 4

	65
	≤ 3

	66
	≤ 2

	67
	1


Table 2.  Permitted uplink allocations for 20 MHz channel with carrier centered at 1930 MHz.

	Start RB
	L_CRB

	24
	≤ 25

	25 - 27
	≤ 27

	28 - 30
	≤ 30

	31 - 34
	≤ 32

	35 - 40
	≤ 36

	41 - 44
	≤ 32

	45 - 46
	≤ 30

	47 - 49
	≤ 27

	50 - 51
	≤ 25

	52
	≤ 24

	53 - 56
	≤ 20

	57 - 58
	≤ 18

	59 - 60
	≤ 16

	61
	≤ 15

	62 - 64
	≤ 12

	65 - 66
	≤ 10

	67
	≤ 9

	68
	≤ 8

	69 - 70
	≤ 6

	71
	≤ 5

	72
	≤ 4

	73
	≤ 3

	74
	≤ 2

	75
	1


We note that for the 20 MHz scenario, since the outermost 24 RB's are not available for uplink allocation, only the middle 52 RB's can be utilized.  From a bandwidth perspective, this is similar to the proposal of downlink-only intra-band carrier aggregation in [2], but with additional restrictions to ensure sufficient guardband.  However, this approach has the advantage that it does not require carrier aggregation and therefore is supportable by Rel-8/9 devices and also avoids potential dual radio solutions for carrier aggregation. 
2.4. PUCCH overprovisioning

The PUCCH region is typically configured for the outermost carriers of a channel to provide the greatest frequency diversity for the control channel.  However, in this case, the PUCCH region must be overprovisioned and the control channel must be moved inwards for the UE to be able to meet PHS emission requirements.  The same restrictions apply as described in Rule 2a and 2b.  Therefore, one possible configuration is shown below where the PUCCH region has been placed at RB's 7 - 9 and 65 - 67.
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Figure 3.  Example configuration for 15 MHz operation in the lower portion of Band 1.
3. Conclusion
In this contribution, we have studied the necessary conditions to enable deployment of 15 MHz and 20 MHz LTE in the lower portion of Band 1, subject to coexistence requirements with PHS.  With a simple extension of the NS_05 guard band principle, we have derived a rule for uplink allocation and validated with measurement that the PHS emission requirement will be met with existing legacy equipment.  An additional rule is also provided to mitigate the effect of narrowband allocations by creating a blanking region on each side of the channel.
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