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Summary
In this contribution we consider the ACLR/MPR impacts for 5 MHz co-existence 
Our starting point is the need to maintain backward compatibility with current WCDMA deployment. In which case the base line requirement are set by the current UTRA ACLR requirements of 33 dBc for LTE to WCDMA co-existence
For the LTE to LTE deployment scenario, there is an increase in ACLR over the 3GPP reference case caused by resource blocks that fall outside the defined 3GPP channel due to non-overlapping RB(s). In this case the increase will be less than 3 dB for the worst case resource block (due to the 1st adjacent LTE RB).
1. Introduction
The scenario analysed is where two different operators require the flexibility to allocate their adjacent 5 MHz spectrum to either LTE or WCDMA. This scenario is show below in figure 1 where operator A is a LTE (5 MHz) deployment and operator B is either a WCDMA (5 MHz) or LTE (5MHz) deployment. In both cases we can study the ALCR and MPR requirements
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Figure 1: Flexible adjacent channel bandwidth allocation with different operators
2.0
sIMULATION ASSUMPTIONS

Power amplifier distortion is analyzed for DFT-SOFDM (QPSK/ 16QAM) over a range of occupied bandwidths where;
· A resource block is defined as 25 consecutive sub-carriers

· The bandwidth of a Resource Block (RB) is 375 kHz 
· The cases of 2 to 12 active resource blocks are considered (out of 12 total resource blocks) 
· The reference case is WCDMA (12.2 Kbps) HPSK for an ACLR of  -33 dBc (+/- 5 MHz) at maximum output power
The analysis assumes the active RB(s) scheduled in the assigned channel are closest to the adjacent WCDMA/LTE channel and is therefore a worst case scenario (see figure 1). Improvements can be realized if a scheduler can maximizes the frequency offset of the allocation RB(s) relative to the edge of the adjacent channel to reduce the co-existence impact 
3.0
LTE (5 MHZ) ADJACENT TO (5 mhz) wcdma

3.1
4 active resource blocks adjacent to WCDMA
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Figure 1

3.2
12 active resource blocks adjacent to WCDMA
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Figure 2
3.3
Summary of LTE (5 MHz) adjacent to WCDMA
The Maximum Power Reduction (MPR) for a ACLR value of (-33 dBc) case for the different QPSK RB(s) combinations are shown below in table 1 
	Signal
	Mod
	Active RB

(out of 12)
	MPR relative to max power (dB)
	ACLR (dBc)

	
	
	
	
	+5 MHz
	+10 MHz

	WCDMA (12.2 kbps)
	HPSK
	-
	0.0
	-36.0
	-51.0

	WCDMA (HSDPA) CM=1
	HPSK
	-
	0.0
	-33.0
	-48.0

	WCDMA (HSDPA) CM=2
	HPSK
	-
	-1.0
	-33.0
	-48.0

	WCDMA (HSDPA) CM=3
	HPSK
	-
	-2.0
	-33.0
	-48.0

	DFT-SOFDM (5 MHz)
	QPSK
	12
	-1.0
	-33.0
	-47.6

	DFT-SOFDM (5 MHz)
	QPSK
	8
	-0.9
	-33.0
	-54.5

	DFT-SOFDM (5 MHz)
	QPSK
	6
	-0.7
	-33.0
	-

	DFT-SOFDM (5 MHz)
	QPSK
	4
	0.0
	-33.0
	-

	DFT-SOFDM (5 MHz)
	QPSK
	2
	>0..0
	-33.0
	-

	DFT-SOFDM (5 MHz)
	QPSK
	2
	0.0
	-37.4
	-


Table 1:
ACLR vs. Number of Active Resource Blocks
Table 1 show no MPR is needed for the low RB(s) scenarios. This ACLR requirement is similar in concept to the WCDMA/WCDMA case when the ACLR requirement are fixed for all data rates and a MPR is needed in the case of higher data rates for  the specific transmitted configuration.  Notice that the 2 RB case is similar to the WCDMA 12.2 kbps case because they are both MPR limited (>0.0) not ACLR limited.
Based on this analysis we could define for the LTE (5 MHz) to WCMDA (5MHz) case; 
· The Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the mean power centred on the assigned channel frequency to the mean power centred on an adjacent channel frequency.
· In the case of a 5 MHz E-UTRA assigned channel the minimum ACLR for an adjacent 5 MHz adjacent channel would be [33 dBc] for the first adjacent channel measured with a RRC filter for all possible combinations of E-UTRA Resources Blocks transmitted in the assigned channel. 
4.0 sIMULATION RESULTS lte (5 MHz) Adjacent to lte (5 mhz)
One of the key assumptions is that not possible for a UE
 to be aware that an adjacent channel is LTE or WCDMA hence the baseline requirements are set by the adjacent 5 MHz WCDMA deployment scenarios to maintain back ward compatibility for existing WCDMA operators
Many of the resource blocks in the adjacent 5 MHz LTE channel overlap with the 3GPP RRC channel thus the two interference metrics (LTE and 3GPP) are strongly correlated. LTE interference will always be greater than the WCDMA ACLR baseline of 33 dBc because of the resource blocks that fall outside the defined WCDMA RRC bandwidth (i.e. non-overlapping RB(s)).  This increase in ALCR is less than 3 dB which can be derived theoretically or empirically as shown in the three scenarios in figure 3, 4, and 5 below
4.1 12 active resource blocks adacent to LTE (5 MHz)
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Figure 3
4.1 10 active resource blocks adjacent to LTE (5 MHz)
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Figure 4
4.2 2 active resource blocks adjacent to LTE (5 MHz)
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Figure 5
4.3 Summary LTE (5 MHz) adjacent to LTE (5MHz)
As the 3GPP-overlapping RB(s) are already specified at 33 dBc, we only need to specify non-overlapping RB(s) in the case of LTE co-existence. In the case of LTE a 30 dBc limit is good alignment between the already defined 3GPP limit and actual LTE performance assuming this value is acceptable based on co-existence simulations for throughput, etc
	Signal
	Mod
	Active RB

(out of 12)
	MPR relative to max power (dB)
	LTE ACLR (dBc)

	
	
	
	
	+5 MHz
	

	WCDMA (12.2 kbps)
	HPSK
	-
	0.0
	-35.5
	

	WCDMA (HSDPA) CM=1
	HPSK
	-
	0.0
	-32.5
	

	WCDMA (HSDPA) CM=2
	HPSK
	-
	-1.0
	-32.5
	

	WCDMA (HSDPA) CM=3
	HPSK
	-
	-2.0
	-32.5
	

	DFT-SOFDM (5 MHz)
	QPSK
	12
	-1.0
	-32.1
	

	DFT-SOFDM (5 MHz)
	QPSK
	10
	-1.0
	-31.9
	

	DFT-SOFDM (5 MHz)
	QPSK
	8
	-0.9
	-31.7
	

	DFT-SOFDM (5 MHz)
	QPSK
	6
	-0.7
	-31.4
	

	DFT-SOFDM (5 MHz)
	QPSK
	4
	0.0
	-30.3
	

	DFT-SOFDM (5 MHz)
	QPSK
	2
	0.0
	-33.8
	

	DFT-SOFDM (5 MHz)
	QPSK
	2
	>0.0
	-29.8
	


Table 2:
ACLR vs. Number of Active Resource Blocks
The analysis assumes the active RB(s) scheduled in the assigned channel are closest to the adjacent LTE channel and is therefore a worst case scenario. Improvements can be realized if the scheduler can maximizes the frequency offset of the allocation RB(s) relative to the edge of the adjacent channel to reduce the co-existence impact (see figure 5)
This LTE limit can also be extrapolated to the case of LTE (10 MHz) to (5 MHz) WCDMA since it primarily imposes a limit on the 1st adjacent LTE RB as shown in figure 5. In this way every bandwidth scenario could be covered.

In case of inter-operator worst case un-coordinated deployment the impact of the 1st adjacent LTE RB is mitigated by the increase in the inter-operator channel distance compared to the intra-operator case. In the case of intra-operators deployment the ALCR requirements can be relaxed due to the co-ordinated deployment scenario for cell sites. 

5. 0 
Conclusion 
One possible methodology is to define the E-UTRA ACLR in terms of the adjacent channel relative to the assigned channel.  In which case a more comprehensive definition for the ACLR requirements for the 1st adjacent channel would be 
· Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the mean power centred on the assigned channel frequency to the mean power centred on an adjacent channel frequency. The ACLR shall be higher than the value specified in Table 3 for the total combinations of E-UTRA Resources Blocks transmitted in the assigned channel.  
· Example of such a table is shown below

	E-UTRA

Assigned channel (MHz)
	ALCR limit for 1st Adjacent channel relative to assigned channel frequency

	
	WCDMA1
5.0 MHz
	E-UTRA

1.25 MHz
	E-UTRA

2.5 MHz
	E-UTRA

5.0 MHz
	E-UTRA

10 MHz
	E-UTRA

15 MHz
	E-UTRA

20 MHz

	1.25
	[33]
	*
	
	
	
	
	

	2.5
	[33]
	
	*
	
	
	
	

	5.0
	[33]
	
	
	[30]
	
	
	

	10.0
	[33]
	
	
	
	*
	
	

	15.0
	[33]
	
	
	
	
	*
	

	20.0
	[33]
	
	
	
	
	
	*

	Note

1 RRC filter mean power centred on 1st adjacent  channel 

* Expected value is 30 dBc; left for further study and verification


Table 3:
E-UTRA ACLR ALCR limit for 1st adjacent channel 
All matched (channel BW = adj. channel BW) LTE ACLR pairs are expected to have similar results.  The variation in minimum frequency separation between the active RB(s) and adj. channel RB(s) will cause slight variation in actual LTE ACLR performance; the frequency separation impact is left for further study (*).  Un-matched LTE ALCR pairs may not need explicit definition because each is already limited explicitly by 3GPP ALCR and implicitly by the matched LTE ACLR.  The implicit rule is provided as an example:  The power in the adjacent 2.5 MHz channel is always less than or equal to the power in the adjacent 5 MHz LTE channel.  
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� 	This would only be possible if the network signally both the left and right adjacent channel target ACLR and the UE can dynamically adjust it ALCR/MPR based on this additional signalling. 
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