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1 Introduction
In this contribution we propose to introduce a new frequency band for TDD at 2.3 GHz in order to deal with ISM coexistence. We keep the current Band 40 but introduce Band 41: a truncated version of Band 40 covering the frequency range 2300-2380 MHz to solve ISM to TD-LTE coexistence problems in the UE. Band 41 will allow feasible coexistence by means of transmit and receive filtering. 
The 20 MHz guard band is at the expense of a 20% smaller spectrum utilization compared to full Band 40 operation, but is ensuring a more robust operation for the remaining 80 MHz. We propose to introduce the new Band 41 into Rel-9 specifications, but it can be implemented already in Rel-8 since introduction of new bands is release independent. The specification of Band 41 should be straightforward since part of the Band 40; compare to the introduction of Band 17, a part of Band 12, which was also introduced to facilitate coexistence.   
2 Coexistence problems within the UE 
The major reason for introducing Band 41 is to enable coexistence between simultaneous TD-LTE and ISM transmissions within the UE, most of which supports BT and a growing part WLAN in addition (already in all lap-tops today). However, there are also coexistence problems between the UE and external ISM transmitters as we shall see later.
We assume a UE equipped with separate antennas for TD-LTE and BT/WLAN, the attenuation is assumed to be 15 dB. This is the more favourable case in terms of coexistence: another possible implementation is a shared antenna, the carrier frequencies are almost the same.
2.1 BT and WLAN blocking TD-LTE

First we assume a BT or WLAN aggressor interfering with a TD-LTE. One of the major issues of the Band 40 frequency range is the risk of saturation of all LTE channels due to lower-end ISM transmission in 2400-2420 MHz.
2.1.1 Saturation effects

Saturation will occur if the ISM signal present at the LTE input is in the neighbourhood or exceeding the compression point of the input LNA(s) on the two diversity branches. We can assume that the 1 dB compression point is typically in the range of -25 to -15 dBm given a reasonable IIP3 performance, which should be compared to the LTE maximum input required to be at least -25 dBm. 
If we assume a BT or WLAN transmission at 0 dBm in 2400-2420 MHz (corresponds to WLAN Channel 1), the input signal at the LNA would be -15 dBm given our assumed antenna coupling loss. If not further attenuated, then an LTE received signal received simultaneously on any channel in 2300-2400 MHz would be blocked due to saturation of the input LNA. The LTE RX filter must suppress the ISM signal (any channel in the ISM) by some 20-25 dB in this example: to handle higher WLAN levels that can be up about 15 dBm we must achieve about 40 dB rejection of all ISM transmissions.
To get an idea of the filter rejection of a high-volume SAW filter we turn to Figure 1 that shows a typical filter response for the ISM band 2400-2483 MHz, an LTE Band 40 filter with slightly wider pass-band band would still have about the same response but shifted downwards in frequency (we show the ISM here for convenience, a response typical for a more expensive filter is shown in Section 4). Looking the upper edge of the filter response in Figure 1, it is evident that we need about a 20 MHz guard band to achieve the necessary roll-off to achieve the required suppression of the lowest ISM channels; up to 40 dB as indicated above. This is without consideration of the temperature drift, which is about 3 MHz at these frequencies across the temperature range tested in 3GPP (the filter pass-band must be wider than the band range).
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Figure 1: SAW filter response for the ISM band (Bands 40 and the proposed 41 similar).
If we are using a Band 40 receive filter then sufficient rejection can only be satisfied for ISM in 2420-2483 MHz so no protection against WLAN channel 1 (2.412 GHz) or BT in the lowest part, even if BT could use different hopping sequences. A 2300-2380 MHz SAW filter can probably achieve the 40 dB rejection across the whole ISM but as is evident from the figure, we need some 20 MHz to get sufficient roll-off (FBAR could probably do this with a 15 MHz guard band but margin for temperature drift is also needed).
2.1.2 Blocking of TD-LTE

A TD-LTE received signal at low level may also be blocked by an ISM transmission. First, it is relevant to recall the LTE in-band block requirement (that apply up to 15 MHz from the operating-band edges). The LTE receiver must be able to withstand (≤5 MHz) blockers of -56 dBm with a 5 MHz guard to the wanted signal (at REFSENS + 6 dB and higher), and     -44 dBm with a 10 MHz guard. In our example above the ISM signals are present at much higher levels if not attenuated by the LTE RX filter. The WLAN signal is the worst since its output power is usually higher than the BT signal. 

Using a Band 40 filter a WLAN Channel 1 (2.412 GHz) would experience very limited filter suppression before the LTE LNA, if non at all, and would saturate the input unless it happens to transmit at low level (limited transmit power control in 2.4 GHz WLAN). A WLAN Channel 5 (2.432 GHz and thus with a 20 MHz guard to the upper Band 40 edge) would be present up at level around -40 dBm assuming 40 dB Band 40 filter rejection, and the sensitivity degradation of the upper LTE channel could be kept within reasonable limits. A BT signal in the lower part of the ISM would be less harmful since used a lower power and frequency hopping. 
Using a Band 41 filter with a 20 MHz guard band for roll-off, a WLAN Channel 1 blocking signal would be manageable for a wanted signal at the upper LTE channel extending to 2380 MHz. 
2.2 BT and WLAN out-of-band emission

Next we turn to out-of-band emissions and look at a WLAN (or BT) aggressor desensitizing a TD-LTE victim in the frequency ranges 2360-2380 MHz and 2380-2400 MHz, the upper 20 MHz channels for the proposed Band 41 and Band 40, respectively.  Figure 2 displays the required WLAN emission mask and typical emissions for IEEE 802.11a and HIPERLAN2 (both 5 GHz) but we can assume a similar behaviour for the 2.4 GHz standard 802.11g (almost identical PHY layer). The additional TX filter response is assumed to follow that of Figure 1: looking at the lower edge we achieve some 20 dB filter rejection at 2380 MHz.
We assume WLAN transmission in Channel 1 at 15 dBm output power. From Figure 1 we see that the rejection 11 MHz away from the centre frequency (2.412 GHz) is of the order of 30 dBr and higher. Using the upper 20 MHz channel of Band 40, this means that the out-of-band emissions are in of the order of 0 dBm – 30 dBr = -30 dBm accounting for 15 dB antenna coupling loss: this would correspond to a desensitization up to 60 dB. However, this is a hypothetical result since the WLAN signal would saturate the Band 40 LTE input in practice. The LTE channel below this, at 2360-2380 MHz extending up to -30 MHz on the abscissa in Figure 2 would enjoy a filter suppression of more than 30 dB across the channel bandwidth, and the WLAN out-of-band emission would be less than 0 dBm – 40 dBr – 30 dB = -70 dBm just following the required WLAN mask. A typical WLAN transmitter must supply better performance, and assuming slightly higher filter rejection, the desensitization a the LTE signal in 2360-2380 MHz, the upper channel of the proposed Band 41, should be limited. 

We emphasize that the typical emissions shown in Figure 2 are only approximate (particularly a 20 MHz or more from the WLAN center frequency), we only assess the order of magnitude of the problem. There are no emission limits for BT signals other than the generic spurious emission limits, but in practice we also need to rely on an ISM TX filter rejection of about 40 dB.
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Figure 2: transmit spectrum mask for WLAN.
2.3 LTE blocking and desensitizing BT and WLAN
BT and WLAN are now integrated parts of many UE(s) and from a user perspective it is also important that these services are not interfered by TD-LTE signals.
Assuming Band 40 operation at the upper channel, 10 dBm LTE output power and a 15 dB antenna attenuation between the LTE TX branch and the WLAN/BT input, we note that the power at the WLAN or BT input will be around -5 dBm: this will cause saturation of the ISM input. For ISM operation above 2420 MHz (from WLAN Channel 5) with a TD-LTE output power in the upper channel of about -5 dBm or lower, the BT link will be maintained if the BT input signal is not too low, and WLAN link will experience a throughput rejection. BT can avoid the lowest ISM frequencies by adaptive FH but saturation may still occur.  
Band 41 operation, on the other hand, would allow BT and WLAN operation in the entire ISM band with acceptable performance, the ISM filter would be able to suppress any LTE blocker by at least 30 dB (see the ISM filter response in Figure 1) and the out-of-band emission into the whole ISM band would be reduced by means of the filter rejection supplied by the LTE TX filter.
3 External ISM interference: WLAN interfering with TD-LTE DL 

Blocking of TD-LTE signals can also be caused by is caused external WLAN access points or BT devices. WLAN is the worst interferer due to its higher output power and is not frequency hopping like BT. A WLAN access point may be in close proximity to a LTE UE, and is typically used at short range. 
To get an idea about possible external interferer levels we consider a 3GPP RAN4-meeting scenario with a 15 m separation between a busy delegate and an access point of a typical 20 dBm EIRP. The received WLAN signal level at the UE antenna port is then

20 dBm – (32.4 – 20 log(2.4) – 20 log(15)) dB – 3 dBi = -46.5 dBm, 

assuming free-space propagation and -3 dBi antenna gain (64QAM ¾ works fine then). This is about the same as the LTE in-band blocking signal level used in the test with a 10 MHz spacing between the blocker and the wanted signal. If we assume victim user of the upper 20 MHz channel and a WLAN aggressor in Channel 1 (no guard in between), the LTE performance may also be degraded in this case. The blocking problem is exacerbated if the user is closer to the WLAN access point, the separation distance can be down to metres. A Band 41 filter would supply an additional 40 dB rejection of the WLAN Channel 1 blocker, and operation in the corresponding upper LTE channel would be feasible.
The ISM out-of-band emission may also cause desensitization of devices that are not equipped with BT/WLAN. Assuming a 15 m separation distance to the aggressor WLAN access point at Channel 1 (same as the 3GPP scenario above), a rejection in the adjacent channel of 30 dBr, the out-of-band noise falling into the upper channel of Band 40 is -46.5 dBm – 30 dB = -76.5 dBm, which is about 15 dB above the REFSENS of the 20 MHz channel. 
WLAN transmission in Channel 1 represents the worst interferer; this cannot be avoided since WLAN is an unlicensed service and deployment is uncoordinated.

4 Filter solution: the most robust
The coexistence problems above can be resolved or at least greatly alleviated if a 20 MHz guard band is allowed between TD-LTE and the ISM band. A filter response of a BAW filter for the proposed Band 41 is shown in Figure 3. This filter would be able to suppress a WLAN or BT singla blocking the TD-LTE input, and reduce LTE out-of-band emission into the lower part of ISM. A lower-cost SAW filter would not achieve quite the same suppression, but its performance would still be sufficient with a 20 MHz guard.
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Figure 3: Band 41 filter response.
5 Other solutions: time scheduling
Resolving the coexistence by time scheduling has been studied in Bluetooth SIG for TD-LTE and BT coexistence, this as an alternative should a filtering solution not be possible. One idea has been to align the BT frame structure with the TD-LTE UL/DL configuration, which is possible for some of the latter. Time scheduling needs to treat many special cases: handover, measurements, connection set-up and role switch for BT to give some examples. WLAN co-ordination has not been considered. 
In all, the time-scheduling solution has been considered not viable. We prefer a solution based on filtering which is more robust and avoids any changes to the LTE standard other than the introduction of a new band that is part of a band already specified, cf. the introduction of Band 17 for FDD to avoid nearby (UE external) blockers.

6 Proposal

In order to prevent

· saturation of the TD-LTE Band 40 input (any channel) by WLAN or BT signals within the UE and in the lowest part of the ISM band;
· blocking of TD-LTE Band 40 by WLAN or BT signals within the UE or from external access points;
· LTE out-of-band emission into the ISM band; 

we propose to introduce Band 41 as shown in Table 1 (we steal this number from the 3.5 GHz band, the specification of which is not finalized).
Band 40 is retained as is: it can still be used by devices that are not equipped with WLAN or BT, even if there is still a risk of interference from (uncoordinated) WLAN access point or BT devices in the lowest part of the ISM band.
Table 1 (Table 5.5-1 in [1]) E-UTRA operating bands

	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD

	2
	1850 MHz 
	–
	1910  MHz
	1930 MHz 
	–
	1990 MHz
	FDD

	3
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	FDD

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz 
	–
	2155 MHz
	FDD

	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894MHz
	FDD

	61
	830 MHz
	–
	840  MHz
	875 MHz 
	–
	885 MHz
	FDD

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	FDD

	8
	880 MHz
	–
	915 MHz
	925 MHz  
	–
	960 MHz
	FDD

	9
	1749.9 MHz
	–
	1784.9 MHz
	1844.9 MHz  
	–
	1879.9 MHz
	FDD

	10
	1710 MHz
	–
	1770 MHz
	2110 MHz 
	–
	2170 MHz
	FDD

	11
	1427.9 MHz 
	–
	1447.9 MHz 
	1475.9 MHz  
	–
	1495.9 MHz 
	FDD

	12
	698 MHz
	–
	716 MHz
	728 MHz
	–
	746 MHz
	FDD

	13
	777 MHz
	–
	787 MHz
	746 MHz
	–
	756 MHz
	FDD

	14
	788 MHz
	–
	798 MHz
	758 MHz
	–
	768 MHz
	FDD

	15
	Reserved
	
	
	Reserved
	
	
	FDD

	16
	Reserved
	
	
	Reserved
	
	
	FDD

	17
	704 MHz 
	–
	716 MHz
	734 MHz
	–
	746 MHz
	FDD

	18
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	FDD

	19
	830 MHz
	–
	845 MHz
	875 MHz
	–
	890 MHz
	FDD

	20
	832 MHz
	–
	862 MHz
	791 MHz
	–
	821 MHz
	FDD

	21
	1447.9 MHz
	–
	1462.9 MHz
	1495.9 MHz
	–
	1510.9 MHz
	FDD

	...
	
	
	
	
	
	
	

	33
	1900 MHz
	–
	1920 MHz
	1900 MHz
	–
	1920 MHz
	TDD

	34
	2010 MHz
	–
	2025 MHz 
	2010 MHz 
	–
	2025 MHz
	TDD

	35
	1850 MHz 
	–
	1910 MHz
	1850 MHz 
	–
	1910 MHz
	TDD

	36
	1930 MHz 
	–
	1990 MHz
	1930 MHz 
	–
	1990 MHz
	TDD

	37
	1910 MHz 
	–
	1930 MHz
	1910 MHz 
	–
	1930 MHz
	TDD

	38
	2570 MHz 
	–
	2620 MHz
	2570 MHz 
	–
	2620 MHz
	TDD

	39
	1880 MHz 
	–
	1920 MHz
	1880 MHz 
	–
	1920 MHz
	TDD

	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	TDD

	41
	2300 MHz
	–
	2380 MHz
	2300 MHz
	–
	2380 MHz
	

	Note 1: Band 6 is not applicable
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