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1. Introduction

Especially in Sub6 NR frequency bands, there is the possibility to have networks running on channels which are adjacent to one another.  These may be channels within the same band, or channels across different but adjacent bands.  In the case that at least one of the networks is TDD based, there is a concern about interference if the two networks are not synchronized.
2. Discussion

The potential for interference between adjacent or very nearby networks occurs when there is a mismatch in uplink and downlink time slots between the two.  This may occur between two adjacent TDD networks or between a TDD and FDD network.  The discussion here pertains to both NR-NR interference as well as NR-LTE interference.  

Of course, this problem exists for LTE-LTE networks as well.  Examples for treatment in LTE specifications are shown below for the UE.
2.1. TDD-FDD coexistence

· Between TDD Band 43 and FDD Band 22, there is a requirement to meet -50 dBm/MHz emissions.  Band 43 is 3600 – 3800 MHz whereas the downlink of Band 22 if 3510 – 3590 MHz.  There is only 10 MHz of guard band between an uplink in Band 43 and a downlink in Band 22, yet a requirement of -50 dBm/MHz applies.  The requirement is in square brackets and a note is referenced indicating that some restriction is necessary to meet this requirement.  Therefore, this requirement is untestable and has been this way since it was originally defined several years ago.
NOTE 3:
To meet these requirements some restriction will be needed for either the operating band or protected band

· For TDD Bands 33 and 34, a note is referenced to the -50 dBm/MHz emission requirement from these bands to the bands that they are obligated to protect.  

NOTE 5:
For non synchronised TDD operation to meet these requirements some restriction will be needed for either the operating band or protected band

· For FDD Band 7 and TDD Band 38, FDD Band 1 or Band 65 and TDD Band 33, as well as for FDD Band 3 and TDD Band 39, there is no guard band between the FDD and TDD bands.  Therefore, relaxed requirements of +1.6 dBm/5 MHz, -15.5 dBm/5 MHz, and -40 dBm/MHz have been defined for frequency ranges near the boundary between the FDD and TDD bands.  However, it is noted that these emission requirements may not adequately protect the victim downlink band against harmful interference.

NOTE 26: For these adjacent bands, the emission limit could imply risk of harmful interference to UE(s) operating in the protected operating band.

Moreover, RB restrictions have been defined for some frequency ranges whereby the emission requirements are only applicable for transmission bandwidth less than or equal to 54 RB’s.  

NOTE 21:
This requirement is applicable for any channel bandwidths within the range 2500 - 2570 MHz with the following restriction: for carriers of 15 MHz bandwidth when carrier centre frequency is within the range 2560.5 - 2562.5 MHz and for carriers of 20 MHz bandwidth when carrier centre frequency is within the range 2552 - 2560 MHz the requirement is applicable only for an uplink transmission bandwidth less than or equal to 54 RB.

2.2. Unsynchronized TDD-TDD coexistence

On the other hand, there is also an example where unsynchronized operation between two adjacent TDD bands or between two channels within the same band has been considered.  For TDD Band 42 (3400 – 3600 MHz) and Band 43 (3600 – 3800 MHz), NS_22 and NS_23 have been defined to enable the network to signal an additional emission requirement as shown below
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, whenever these frequencies overlap with the specified frequency band.

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

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


Table 6.6.3.3.17-1: Additional requirement

	Frequency band

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

	
	5, 10, 15, 20 MHz
	

	3400 ≤ f ≤ 3800
	-23 (NOTE 1, NOTE 4)
	5 MHz

	
	-40 (NOTE 2)
	1 MHz

	NOTE 1:
This requirement applies within an offset between 5 MHz + Foffset_NS_23 and 25 MHz + Foffset_NS_23 from the lower and from the upper edges of the channel bandwidth, whenever these frequencies overlap with the specified frequency band. 

NOTE 2:
This requirement applies from 3400 MHz to 25 MHz  + Foffset_NS_23 below the lower E-UTRA channel edge and from 25 MHz +  Foffset_NS_23 above the upper E-UTRA channel edge to 3800 MHz.

NOTE 3:
Foffset_NS_23 is: 


0 MHz for 5 MHz channel BW, 


5 MHz for 10 MHz channel BW, 


9 MHz for 15 MHz channel BW and 


12 MHz for 20 MHz channel BW.

NOTE 4:
This emission limit might imply risk of harmful interference to UE(s) operating in the protected operating band


Note that the emission limit has been relaxed to -23 dBm/5 MHz subject to a number of restrictions related to offset frequencies and guard bands.  In spite of this, there is still a note cautioning that this emission limit might imply risk of harmful interference to the UE in the protection band.  

Furthermore, in order to meet these emission requirements for NS_22, A-MPR is defined where the additional power backoff ranges up to 5 dB.  No A-MPR is allowed for NS_23 since large frequency offsets are defined.

Table 6.2.4-17: A-MPR for "NS_22"

	Channel
bandwidth [MHz]
	Parameters
	Region A
	Region B
	Region C
	Region D

	5
	No A-MPR is needed for 5 MHz channel bandwidth

	10
	RBstart
	0-13
	0-17
	≤ 6
	≥12

	
	LCRB [RBs]
	> 36
	33-36
	≤ 32
	≤ 32

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	N/A
	≥44

	
	A-MPR [dB]
	≤ 4
	≤ 3
	≤ 3
	≤ 3

	15
	RBstart
	0-24
	0-38
	≤ 14
	≥ 23

	
	LCRB [RBs]
	> 50
	37-50
	≤ 36
	≤ 36

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	N/A
	≥59

	
	A-MPR [dB]
	≤ 5
	≤ 4
	≤ 3
	≤ 3

	20
	RBstart
	0-35
	0-51
	≤ 21
	≥ 31

	
	LCRB [RBs]
	> 64
	49-64
	≤ 48
	≤ 48

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	N/A
	≥79

	
	A-MPR [dB]
	≤ 5
	≤ 4
	≤ 3
	≤ 3

	NOTE 1;
RBstart indicates the lowest RB index of transmitted resource blocks

NOTE 2;
LCRB is the length of a contiguous resource block allocation

NOTE 3:
For intra-subframe frequency hopping between two regions, notes 1 and 2 apply on a per slot basis.

NOTE 4;
For intra-subframe frequency hopping between two regions, the larger A-MPR value of the two regions may be applied for both slots in the subframe.


The time required in RAN4 to derive requirements for TDD-TDD coexistence in Bands 42 and 43 was significant.  The effort started in RAN4 #69 August 2013.  The CR [1] for A-MPR for single carrier was agreed in RAN4 #73 November 2014.  The CR [2] for CA_NS_08 for dual carrier uplink CA was not agreed until RAN4 #80bis October 2016.  In other words, the discussion occupied over three years time in RAN4.  The complexity of the issue was one reason for the long time required, but also the lack of specific interest in such a deployment was another.  To our understanding, NS_22 and NS_23 represent the only study for defining requirements between adjacent unsynchronized TDD networks and these have never been deployed.  
2.3. Proposal for NR
Based on observations from LTE, it is evident that an ideal RF solution does not likely exist to ensure coexistence in a deterministic sense.  For NR, at least in sub6 frequency bands, it is proposed to adopt a similar approach as for LTE.  For the coexistence between TDD and FDD, it is proposed to consider relaxed UE-UE coexistence requirements.  For TDD-TDD coexistence, it is proposed to assume synchronized operation at least in Rel-15 and until such a time that there is genuine interest and intention for an unsynchronized deployment.

3. Conclusion

The treatment of interference between adjacent channels due to simultaneous UL/DL has been discussed with specific examples of how these have been addressed in the LTE specifications.  For FDD-TDD coexistence, guard bands and relaxed emission requirements have been defined, but with an indication that harmful interference may still exist.  For TDD-TDD coexistence, the assumption has predominantly been that the adjacent networks are synchronized.  In the one example where requirements were specified for unsynchronized TDD operation, the effort took over three years in RAN4 resulting in requirements that have so far not motivated such a deployment scenario.
For sub6 NR, it is proposed

Proposal 1:  For FDD-TDD coexistence, adopt relaxed UE-UE emission requirements based on different frequency offsets: 

•
+1.6 dBm/5 MHz when there is no offset

•
-15.5 dBm/5 MHz at 5 MHz offset

•
-40 dBm/MHz at 25 MHz offset
Proposal 2:  For TDD-TDD coexistence, assume synchronized networks at least for Rel-15 and until such a time that there is a genuine interest and intention for an unsynchronized deployment.
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