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1
Introduction
In the last RAN4 meeting the issue of an “SNR-Gap” [1] was discussed for intra-band NC CA. In fact this is the well-known “near-far” problem that a transmitter close by can degrade the reception of a device that is far away from its base station receiving at a very low level. This paper describes the issue from the RF point of view and shows ways to solve the issue.
2
Relevant RF specifications for the “SNR-Gap” issue
The Rx performance for normal LTE operation is already specified since release 8. Since release 11 we also have specifications for intra-band non-contiguous carrier aggregation which are based on the normal LTE specs. The main specification points that are relevant here are listed in chapter 7 of 36.101 [2]:

· 7.3 – Reference sensitivity

· 7.4 – Maximum input level

· 7.5 – Adjacent Channel Selectivity

· 7.6.1 – In-band blocking
· 7.6.2 – Out-of-band blocking
For all these specification items there are specifications for normal LTE operation and for intra-band NC CA operation.
2.1
Reference sensitivity
In [1] the signal level at the mobile is assumed to be -130dBm/15kHz. Converting this to the total power as it is measured in the reference sensitivity test, this results in (for a 20MHz carrier):

-130dBm + 10 x log (100RB x 12 subcarriers) = -130dBm + 30.8dB = -99.2dBm.

However, the reference sensitivity is specified between -90dBm and -94dBm depending on the band. At the signal level stated in [1], the device is already out of range, not at the cell edge, as it’s signal level from the base station is 5.2dB up to 9.2dB too low. Therefore the minimum power level needs to be increased to a level between -124.8dBm/15kHz and -120.8dBm/15kHz to be really at the cell edge and not beyond.

Observation 1:
Refsens limits the lowest usable signal level between -90 and -94MHz (20MHz). A lower signal level than this exceeds the cell edge
Proposal 1:
Use the reference sensitivity as the lowest signal level as this limits the cell edge
2.2
Maximum input level

The maximum input level per carrier is defined as -25dBm. Therefore for 2 DL NC CA the maximum total input level is 2x -25dBm = -22dBm.

In [1] the input level at the closest vicinity to the small cell base station has been calculated to be -39dBm/15kHz. Converting this to the total power per carrier (20MHz) results in

-39dBm + 10 x log (100RB x 12 subcarriers) = -39dBm + 30.8dB = -8.2dBm.

This is about 16.8dB higher than allowed in normal LTE operation and also 16.8dB higher than allowed in 2 DL NC CA. For a 10MHz LTE signal it would be 13.8dB too high. Therefore the calculation in [1] gives a significantly too large signal level than allowed in real life LTE deployments. To get down to realistic values this can be done:

· Additional losses between the base station and the mobile can be taken into account like walls etc.

· Antenna losses of the mobile can be taken into account, usually something in the order of 5dB

· The distance between the BS and the UE can be increased. 10m seems to be very close for a base station transmitting at such a high power to achieve this signal level, this might already be an issue for the radiation safety limit in some countries
· A directive antenna with a loss for UEs directly underneath the base station and antenna gain for far away UEs can be used

· The transmit signal power from the base station can be lowered, the TX power was not mentioned in the paper, but it seems to be in the order of 39dBm for a 20MHz LTE signal
Conclusion: the maximum signal level needs to be limited to -25dBm per LTE carrier. This corresponds to -55.8dBm/15kHz.
The theoretical maximum difference between the maximum signal level and the reference sensitivity level is therefore between 65 and 69dB, not up to 90dB. This is not taking into account intra-band NC CA but just normal LTE operation from close to the base station to the cell edge.

Observation 2:
The maximum input level limits the highest signal level at the UE.
Proposal 2:
Keep the maximum input level of the UE below the maximum allowed level of -25dBm by proper network planning
2.3
Adjacent Channel Selectivity
As this discussion is about intra-band non-contiguous CA, the adjacent channel selectivity doesn’t play a role here. It is defined to be 27-33dB and would play a role for intra-band contiguous CA.

2.4
In-band blocking
In-band blocking is specified at a signal level of 6-9dB above reference sensitivity level. The maximum interferer level is defined as -56dBm for the second adjacent 5MHz channel and -44dBm for the third and more adjacent 5MHz channel. A signal level below 6-9 dB above reference sensitivity for the wanted signal or above -56dBm/-44dBm for the interfering signal can result in degraded reception.
This scenario not only applies to intra-band non-contiguous carrier aggregation, it is also a common scenario if there is a mobile receiving close to the cell edge while another base station from another network is close by the UE. The required performance of this scenario has been studied during definition of UMTS and has been re-used for LTE when deriving these blocking specifications for normal LTE. They can be considered to be sufficient for real life LTE, as until now there are no issues reported in normal UMTS or LTE deployments. Therefore these values seem to be ok for normal UMTS and LTE operation. Since intra-band NC CA should be less critical than normal LTE operation as both base stations are operated by the same operator, these standard in-band blocking requirements should be sufficient for NC DL CA as well.

Having the same scenario with a low signal level for the wanted cell and a high interfering signal level for LTE intra-band NC CA offers even a better solution than with normal LTE: If the mobile is at the cell edge of the macro base station but very close to the small cell base station, a hand-over can be done to the small cell. This is useful, since the throughput of a device at the cell edge is anyway much smaller than the throughput of the small cell close to the user, so that carrier aggregation is not useful anyway.
Observation 3: 
In-band blocking limits the lowest signal level to 6-9dB above Refsens and the blocker level to -56/-44dBm at the 2nd and ≥ 3rd adjacent 5MHz channel
Observation 4:
In-band blocking limits are applicable for the two cells of intra-band NC CA

Observation 5:
In-band blocking specs are obviously sufficient for UMTS and LTE, therefore they seem to be sufficient for intra-band NC CA as well

Observation 6:
Contrary to normal LTE operation in intra-band NC carrier aggregation case there is the possibility to do a handover between the cells

Proposal 3: 
If a signal level exceeds the In-band blocking specifications, a hand-over to the cell with the higher signal level and stopping carrier aggregation is proposed
2.5
Out-of-band blocking
Out-of-band blocking is specified at a signal level of 6-9dB above reference sensitivity level. The maximum interferer level is defined as -44dBm for ≥ 15MHz offset from the band edge, -30dBm for ≥ 60MHz offset from the band edge and -15dBm for ≥ 85MHz offset from the band edge. It is not applicable for the two cells of an intra-band CA combination but it is applicable to inter-band CA. Since the out-of-band blocker levels are much higher than the in-band blocker levels it can be seen that inter-band CA is much more robust against interference from the other base station than intra-band CA. Therefore for CA deployment scenarios with high power level difference of the received signals it is proposed to use inter-band CA instead of intra-band CA.
Observation 7: 
Out-of-band blocking limits the lowest signal level to 6-9dB above Refsens and the blocker level to -44dBm up to -15dBm
Observation 8:
Out-of-band blocking limits are applicable for the two cells of inter-band CA

Proposal 4: 
For CA scenarios where high signal power level differences are expected it is proposed to use inter-band CA instead of intra-band CA
3
Deployment Scenarios
Paper [1] uses CA deployment scenario 4 from chapter J.1 in [3]. This scenario shows several small cells within a large one as can be seen in figure 1:

	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to improve throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
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Figure 1: CA deployment Scenario #4 [3]

What is important to note here is that this scenario is originally planned for use with the two cells having different frequency bands (inter-band CA) instead of intra-band NC CA as it is discussed here. This may also be useful because the range of the macro base stations in the low frequency band is larger than the range of the small cells when they use higher frequencies for supplying hotspots. Therefore it is better to use low bands <1GHz for macro coverage and high frequencies (2 GHz or more) for supplying the hotspots with high throughput.
Observation 9:
Scenario 4 from chapter J.1 in 36.300 has been developed for inter-band CA, not for intra-band CA
Observation 10:
For scenarios with a macro-cell for a large range and small cells for hotspots a low/high frequency band pair for inter-band CA is better suited than intra-band CA
Proposal 5:
For scenario 4 in J.1 of 36.101 it is proposed to use inter-band CA instead of intra-band CA
4
Summary
This paper deals with the so called “SNR gap”, which is in fact the near-far problem. The following observations are made:
Observation 1:
Refsens limits the lowest usable signal level between -90 and -94MHz (20MHz). A lower signal level than this exceeds the cell edge

Observation 2:
The maximum input level limits the highest signal level at the UE.
Observation 3: 
In-band blocking limits the lowest signal level to 6-9dB above Refsens and the blocker level to -56/-44dBm at the 2nd and ≥ 3rd adjacent 5MHz channel
Observation 4:
In-band blocking limits are applicable for the two cells of intra-band NC CA

Observation 5:
In-band blocking specs are obviously sufficient for UMTS and LTE, therefore they seem to be sufficient for intra-band NC CA as well

Observation 6:
Contrary to normal LTE operation in intra-band NC carrier aggregation case there is the possibility to do a handover between the cells

Observation 7: 
Out-of-band blocking limits the lowest signal level to 6-9dB above Refsens and the blocker level to -44dBm up to -15dBm

Observation 8:
Out-of-band blocking limits are applicable for the two cells of inter-band CA

Observation 9:
Scenario 4 from chapter J.1 in 36.300 has been developed for inter-band CA, not for intra-band CA
Observation 10:
For scenarios with a macro-cell for a large range and small cells for hotspots a low/high frequency band pair for inter-band CA is better suited than intra-band CA
These observations result in the following proposals:

Proposal 1:
Use the reference sensitivity as the lowest signal level as this limits the cell edge
Proposal 2:
Keep the maximum input level of the UE below the maximum allowed level of -25dBm by proper network planning
Proposal 3: 
If a signal level exceeds the In-band blocking specifications, a hand-over to the cell with the higher signal level and stopping carrier aggregation is proposed
Proposal 4: 
For CA scenarios where high signal power level differences are expected it is proposed to use inter-band CA instead of intra-band CA

Proposal 5:
For scenario 4 in J.1 of 36.101 it is proposed to use inter-band CA instead of intra-band CA
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