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1. Introduction

In [1], it was mentioned that for operational flexibility in Japan, some form of RB restrictions, or over-provisioning is required for the existing DTV co-existence requirement of -26.2dBm/6MHz to be met when the lower B28 duplexer is in operation.  Simulation results were requested assuming B28 Uplink lower frequency is 718MHz, noting that DTV upper frequency is 710MHz.  Here we focus on 5MHz and 10MHz LTE channel bandwidths.
2. Discussion

The following information is reproduced below from  [1] to illustrate the task that was requested:
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In order to specify PUCCH overprovisioning for Band 28 operation, below three steps would be necessary:

· Simulation results from multiple UE vendors

· The numbers of RBs which have to be shifted (Decide Blank region)

· The numbers of RBs which can be contiguously assigned (Full RB allocation cannot be done)
Figure 1.  Requested study task for B28 overprovisioning (figure 2-1 of [1])
We note that in fact the RB restrictions will not be needed for just PUCCH, but all uplink allocations including PUSCH, PUCCH and SRS operation (since meeting coexistence is agnostic to allocation type).  We also focus on 10MHz LTE and 5MHz LTE bandwidths noting that these are the bandwidths the affected operators can utilize over 718 – 733 MHz Uplink (this is because one operator owns 718 – 728 MHz, and the 728 – 733MHz portion is another operator in Japan).
It is informative to note that the RB restriction specification sought is similar in form to what is already specified for B1 to PHS band emissions for operation inside the NS_05 guard band.  Here is the relevant Table 6.6.3.3.1-2 from TS36.101 for reference:
Table 1. RB restrictions for additional requirement (PHS). (Table 6.6.3.3.1-2 in TS36.101)
	15 MHz channel bandwidth with fc = 1932.5 MHz

	RBstart
	0-7
	8-66
	67-74

	LCRB
	N/A
	≤ MIN(30, 67 – RBstart)
	N/A

	20 MHz channel bandwidth with fc = 1930 MHz

	RBstart
	0-23
	24-75
	76-99

	LCRB
	N/A
	≤ MIN(24, 76 – RBstart)
	N/A


Determining the Blank Region
It is informative to note that for Band 1 to PHS emissions (when operating inside the NS_05 guard-band), the blank region (where LCRB is specified as “N/A” in Table 6.6.3.3.1-2 In TS36.101) was determined by the reach of the I,Q Image IM-folding spur for the lower RB allocations, and the reach of Counter-IM3 spur for the upper RB allocations.  One important  difference is that PHS band emissions requirement is -41dBm/300KHz, while Japan DTV emissions requirement is -26.2 dBm/6MHz.  Since Counter-IM3 performance of -60dBc is expected, we can compute the expected counter-IM3 level at UE max power to be:
Counter-IM3 level at max power:  24dBm – 60dBc = -36dBm

Observation 1:  Counter-IM3 expected performance is good enough to meet DTV emissions level of -26.2dBm/6MHz, even though it is not good enough to meet PHS emissions level of -41dBm/300KHz.

Hence, we do not need a Blank Region at the top of the spectrum due to Counter-IM3.  We now compute the expected I,Q Image IM-folding level at max power:
I,Q Image IM-folding at max power for low bands:  24dBm – 28 dBc – 13dB ‘PA folding gain’ = -17dBm

Observation 2:  I,Q Image IM-folding expected performance is not good enough to meet JPN DTV emissions

We next compute the reach of the I,Q Image IM-folding spur for 5MHz and 10MHz LTE for LTE channels starting at a lower frequency of 718MHz, and verifying which RBs reach at or below 710MHz.  Here is the result for 10MHz LTE:
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RB0 718.5 718.59 718.68 709.5

RB1 718.68 718.77 718.86 710.04

RB2 718.86 718.95 719.04 710.58


Figure 2.  10MHz LTE channel I,Q Image IM-folding reach for fc= 723 MHz
Observation 3:  I,Q Image IM-folding spur only reaches below 710MHz  for RB0 for 10MHz LTE channel bandwidth.  We can extrapolate from this result to note that this spur does not reach DTV for 5MHz LTE.
Observation 4:  Putting the first 3 observations together, we note the following:

a) The Blank Region for 10MHz LTE consists of only RB0

b) There is no blank region required for 5MHz LTE

Determining the Max #RBs that can be contiguously assigned
Now that we have determined the required Blank Region, let’s determine the max number of RBs that can be contiguously assigned in the valid region for 10MHz and 5MHz LTE.  We first study 10MHz LTE, starting with RB_start=1.  No filter attenuation was taken into account since the DTV range is within the passband of the filter.  The following figure shows our result for B28 PA:
Table 2.  10MHz LTE DTV emissions result for RB_start=1 for fc= 723 MHz
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1  27  - 28.3  

1  30  - 25.2  

1  32  - 23.8  

 


Here is our emissions result for 5MHz LTE:
Table 3.  5MHz LTE DTV emissions result for fully allocated
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720.5  0  25  - 30.6  

725.5  0  25  - 40.7  

 


Recommendation
Based on the above analysis and results, here is our RB restrictions recommendation for 10MHz LTE:
Table 4. Recommended RB Restrictions for 10MHz LTE 
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RB start  0  1  -   49   

L CRB  N/A  ≤ MIN(27, (50  –   RB start ))   

 


Also, for 5MHz LTE, there are no RB restrictions that are needed to meet Japan DTV emissions.
3. Conclusion
We recommend RB restrictions for 10MHz LTE to meet JPN DTV emissions when B28 operates in the lower duplexer.  We did not find any need to RB restrictions for 5MHz LTE operation.
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