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1
Introduction
A new study item on “Study on possible additional configuration for LTE TDD” (see [1]) was agreed at TSG RAN#66 meeting in December 2014. This contribution aims to share potential impact of unsynchronized operation for TD-LTE in terms of spectrum efficiency. Specifically, we discuss this aspect from the impact on guard band and power back off to protect terminals using DL only configuration as SCell receiving sever interference from the adjacent operators’ TD-LTE terminals.
2
Discussion
2.1
Unsynchronized operation
In [2], the following concern was raised.
----------------------------------------------------------------Start---------------------------------------------------------------------------

· Observation1: Introducing new DL-heavy configurations to TDD has severe impacts on inter-operator coexistence in the same TDD band, and poses serious threat to the survival of some TDD operators.

· Observation2: standalone operation is essential for TD-LTE. New DL-heavy configurations cannot support standalone operation. Deploying non-standalone carrier suffers from throughput loss when non-CA capable UEs exist and has limited applicable deployment scenarios.

----------------------------------------------------------------End---------------------------------------------------------------------------

In our understanding, without sufficient guard band or power back off, terminals using DL only configuration as SCell would receive sever interference from the adjacent operators’ TD-LTE terminals. In RAN4, there had been discussion on how much A-MPR and guard band (hereafter called offset) are required for UEs to satisfy a certain level of spurious emission requirement. The result has been already incorporated in Table 6.2.4-1 and 6.2.4-17 in section 6.2.4 and subsection 6.6.3.3.16 in section 6.6 in TS 36.101.

The below is excerpted from 6.6.3.3.16 in TS 36.101.

--------------------------------------------------------Start of 6.6.3.3.16------------------------------------------------------------------

6.6.3.3.16
Minimum requirement (network signalled value "NS_22")
When "NS 22" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.3.3.16-1. This requirement also applies for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth.

Table 6.6.3.3.16-1: Additional requirement 

	Frequency band

(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	MBW

	
	5, 10, 15, 20 MHz
	

	3400 ≤ f ≤ 3800
	-23 (Note 1, Note 3)
	5 MHz

	
	-40 (Note 2)
	1 MHz

	NOTE 1:
This requirement applies within an offset between 5 MHz and 25 MHz from the lower and from the upper edge of the channel bandwidth.

NOTE 2:
This requirement applies from 3400 MHz up to 25 MHz below the lower E-UTRA channel edge and from 25 MHz above the upper E-UTRA channel edge up to 3800 MHz.

NOTE 3:
This emission limit might imply risk of harmful interference to UE(s) operating in the protected operating band


--------------------------------------------------------End of 6.6.3.3.16------------------------------------------------------------------

The above requirement says that the adjacent 5 MHz from the both edges of a channel bandwidth is not protected with this requirement. It seems that general SEM and UTRA ACLR 1 are applicable. Thus, significant level of  interference can be seen in this 5 MHz offset region. Even with 5 MHz offset, the protection level is -23 dBm/5 MHz and this is corresponding to around -30 dBm/MHz, which is general spurious emission level. Note that from terminal implementation perspective, it is easier to satisfy -23 dBm/5MHz than -30 dBm/MHz. In addition, as can be seen, NOTE 3 implies risk of harmful interference to UE(s) operating in the protected operating band.

· Observation 1: At least 5 MHz offset is necessary from UE to UE co-existence point of view for unsynchronized operation. 

· Note that if intra band contiguous carrier aggregation is considered, more offset and/or significant power back off is required.

The minimum requirement under NS_22 is illustrated in the Figure 2.1-1.
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Table 2.1-1: overview of minimum requirement under NS_22 for 20MHz channel bandwidth
In addition to the above, to satisfy the above requirement, UEs are allowed to use up to 5 dB power back off. In other words, typical UEs need to reduce their transmit power so that the capacity will be lost to some extent. Note the discussion is single LTE. When it comes to 2 CC intra band contiguous carrier aggregation, the required offset and/or power back off are even larger.

· Observation 2: Even 5 MHz offset is used, UE would reduce its maximum output power by 5 dB (at maximum) to satisfy the additional spurious emission requirement. 

· This would lead to less cell capacity. And if the number of aggregated carrier increases, even larger offset and/or power back off would be required.

Some people think that without power back off, how much offset is necessary to meet the additional spurious emission requirements. This aspect also has been discussed in [2] and roughly the following offsets are necessary for respective channel bandwidth. Note that the [2] was approved contribution in RAN4#74.
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Figure 1: Additional offset X, for which no A-MPR is needed to fulfil the -23/-40 SEM requirements in [2]

Table 2.1-2: Additional offset in addition to 5 MHz to meet additional spurious w/o power back off 
	Channel bandwidth [MHz]
	5
	10
	15
	20

	X 

Additional offset[MHz]
	0
	5
	9
	12


Note that the table says that to meet -23 dBm/5MHz AND -40 dBm/MHz, for 20 MHz channel bandwidth case, additionally 12 MHz offset is required in addition to 5 MHz without any power back off (A-MPR). In total, 17 MHz offset is required for 20 MHz channel bandwidth case.
· Observation 3: 
· Without power back off, significant offset is required to meet even very loose spurious emission requirement.
· More specifically, without synchronized and the same UL/DL configuration between operators, spectrum efficiency of TD-LTE will be significantly lost.

2
Conclusion

From the above observation 1, 2 and 3, the following conclusions are obtained and they should be captured in TR36.825.
· Conclusion 1: 

· Time synchronization and/or the same UL/DL configuration usage between operators are essential for TD-LTE operation. Otherwise, the spectrum efficiency is significantly lost.
· Conclusion 2:

· When DL only carrier (SCell) is operated with 5 MHz offset from the adjacent operators whose configuration is not DL only configuration, the DL only configuration carrier would suffer from significant interference from the adjacent operators UEs. Note that at the same time, the adjacent operators’ eNB would suffer from eNB using DL only configuration according to the distance. 
· Conclusion 3: 

·  From conclusion 1 and 2, witout achieving time synchronization and/or the same UL/DL configuraions inlcuding DL only configuraion between operators, all operators become unhappier compared to the cases it is achieved. 
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Coexistence study with adjacent standalone TDD operations
5.1
Unsynchronized operation
The below is excerpted from 6.6.3.3.16 in TS 36.101.

--------------------------------------------------------Start of 6.6.3.3.16------------------------------------------------------------------

6.6.3.3.16
Minimum requirement (network signalled value "NS_22")
When "NS 22" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.3.3.16-1. This requirement also applies for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth.

Table 6.6.3.3.16-1: Additional requirement 

	Frequency band

(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	MBW

	
	5, 10, 15, 20 MHz
	

	3400 ≤ f ≤ 3800
	-23 (Note 1, Note 3)
	5 MHz

	
	-40 (Note 2)
	1 MHz

	NOTE 1:
This requirement applies within an offset between 5 MHz and 25 MHz from the lower and from the upper edge of the channel bandwidth.

NOTE 2:
This requirement applies from 3400 MHz up to 25 MHz below the lower E-UTRA channel edge and from 25 MHz above the upper E-UTRA channel edge up to 3800 MHz.

NOTE 3:
This emission limit might imply risk of harmful interference to UE(s) operating in the protected operating band


--------------------------------------------------------End of 6.6.3.3.16------------------------------------------------------------------

The above requirement says that the adjacent 5 MHz from the both edges of a channel bandwidth is not protected with this requirement. It seems that general SEM and UTRA ACLR 1 are applicable. Thus, significant level of interference can be seen in this 5 MHz offset region. Even with 5 MHz offset, the protection level is -23 dBm/5 MHz and this is corresponding to around -30 dBm/MHz, which is general spurious emission level. Note that from terminal implementation perspective, it is easier to satisfy -23 dBm/5MHz than -30 dBm/MHz. In addition, as can be seen, NOTE 3 implies risk of harmful interference to UE(s) operating in the protected operating band.

· Observation 1: At least 5 MHz offset is necessary from UE to UE co-existence point of view for unsynchronized operation. 

· Note that if intra band contiguous carrier aggregation is considered, more offset and/or significant power back off is required.

The minimum requirement under NS_22 is illustrated in the Figure 5.1-1.
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Table 5.1-1: overview of minimum requirement under NS_22 for 20MHz channel bandwidth
In addition to the above, to satisfy the above requirement, UEs are allowed to use up to 5 dB power back off. In other words, typical UEs need to reduce their transmit power so that the capacity will be lost to some extent. Note the discussion is single LTE. When it comes to 2 CC intra band contiguous carrier aggregation, the required offset and/or power back off are even larger.

· Observation 2: Even 5 MHz offset is used, UE would reduce its maximum output power by 5 dB (at maximum) to satisfy the additional spurious emission requirement. 

· This would lead to less cell capacity. And if the number of aggregated carrier increases, even larger offset and/or power back off would be required.

Next, we study required offset to meet the additional spurious emission requirements. This aspect also has been discussed in [2] and roughly the following offsets are necessary for respective channel bandwidth. Note that the [2] was approved contribution in RAN4#74.
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Figure 1: Additional offset X, for which no A-MPR is needed to fulfil the -23/-40 SEM requirements in [2]

· Table 5.1-2: Additional offset in addition to 5 MHz to meet additional spurious w/o power back off 
	Channel bandwidth [MHz]
	5
	10
	15
	20

	X 

Additional offset[MHz]
	0
	5
	9
	12


· Note that the table says that to meet -23 dBm/5 MHz AND -40 dBm/MHz, for 20 MHz channel bandwidth case, additionally 12 MHz offset is required in addition to 5 MHz without any power back off (A-MPR). In total, 17 MHz offset is required for 20 MHz channel bandwidth case.
· Observation 3:  
· Without power back off, significant offset is required to meet even very loose spurious emission requirement.
· More specifically, without synchronized and/or the same UL/DL configuration between operators, spectrum efficiency of TD-LTE will be significantly lost.

Summary
From the above observation 1, 2 and 3, the following conclusions are obtained.
· Conclusion 1: 

· Time synchronization and/or the same UL/DL configuration usage between operators are essential for TD-LTE operation. Otherwise, the spectrum efficiency is significantly lost.

· Conclusion 2:

· When DL only carrier (SCell) is operated with 5 MHz offset from the adjacent operators whose configuration is not DL only configuration, the DL only configuration carrier would suffer from significant interference from the adjacent operators UEs. Note that at the same time, the adjacent operators’ eNB would suffer from eNB using DL only configuration according to the distance. 

· Conclusion 3: 

·  From conclusion 1 and 2, witout achieving time synchronization and/or the same UL/DL configuraions inlcuding DL only configuraion between operators, all operators become unhappier compared to the cases it is achieved. 
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