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Introduction
UE-UE co-existence between Band 42 and 43 has been heavily discussed in the past RAN4 meetings. During RAN4#71, a WF was agreed in [1] to further consider four different protection levels for UE-UE co-existence between these bands connected to NS_22, NS_23:

Case 1)    -15.5dBm/5MHz at 5MHz offset from the aggressor over a 25 MHz region
 -40dBm/MHz at 30 MHz offset from the aggressor to the end of the band 

Case 2)    -15.5dBm/5MHz at 5MHz offset from the aggressor over a 20 MHz region

       
-40dBm/MHz at 25 MHz offset from the aggressor to the end of the band

Case 3)    -23dBm/5MHz at 5MHz offset from the aggressor over a 25 MHz region

 -40dBm/MHz at 30 MHz offset from the aggressor to the end of the band

Case 4)    -23dBm/5MHz at 5MHz offset from the aggressor over a 20 MHz region

       
-40dBm/MHz at 25 MHz offset from the aggressor to the end of the band

During RAN4#72, an AH was held on this topic [2]. Some companies proposed to implement Case 1 while others were supportive of Case 4. The main point of disagreement is the emission level to specify at 5MHz offset from the carrier edge, -15.5dBm/5MHz or -23dBm/5MHz.

In this contribution we propose to adopt the more stringent -23 dBm/5MHz emission level, or possibly -30 dBm/MHz, with a view to
· provide improved UE-UE coexistence for band coexistence and in-band protection for unsynchronised operation;
· make TDD more robust for unsynchronised operation and thus eIMTA (dynamic UL/DL);
· specify an emission level that is a compromise between appropriate protection of the victim band and aggressor power back-off. 

For cases when synchronisation is “mandated” and for regions where there are no need to protect adjacent bands, NS_01 can be signalled.  
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Discussion
2.1
Background of the proposed protection levels for UE-UE coexistence
The levels proposed as the UE spurious emissions for co-existence between Band 42 and 43 at 5MHz offset from the carrier edge are -23dBm/5MHz and -15.5dBm/5MHz.
The -15.5dBm/5MHz protection limits comes from the ECC Report 131. This emission limit was included in 3GPP for Band 7 and 38 band co-existence as it was already specified in the European Harmonised Standard by ETSI TFES in the absence of an appropriate requirement in the 3GPP specifications. It was recognised that this level is not sufficient, and a note was introduced in TS 36.101 stating that: 

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

This emission level has been heavily discussed in terms of UE victim protection. Simulations on UE co-existence have been performed by different companies to study if an emission limit of -15dBm/5MHz ensures UE co-existence. The conclusions of these differ depending on the simulation assumptions. 
Some results have shown that -15.5dBm/5MHz is enough from a co-existence perspective [4]. This is achieved under simulation assumptions with UEs randomly dropped in cells of various sizes. However, this means that there is a low probability that aggressor UEs appear in close proximity of victim UEs. Indeed, if a -15.5 dBm/5MHz protection level would be sufficient, then the band coexistence tables in clause 6.6.3.1 of 36.101 could be removed from the specifications since the ITU-R general spurious emissions of -36dBm/100kHz below 1 GHz and -30dBm/MHz above 1 GHz are tighter. The problem is that the UE-UE band coexistence limits are intended to provide robust operations with UEs in close proximity and not for “average” cases with UEs at random locations in cells.
On the contrary, other simulation results have indicated that a lower emission limit is required from a victim perspective [5]. This is under the condition of the aggressor and victim UEs in close proximity but randomly placed within the serving cell. In this way the aggressor UE can be transmitting at high power while the victim UE is receiving at REFSENS in some cases while in other cases the aggressor UE can be transmitting at very low power while the victim UE is receiving a high signal from its BS; hence not always the worst case that is commonly used in deterministic studies. These results are confirmed by measurement results presented on UE-UE co-existence for UL transmissions adjacent and DL in the context of Band 7 and 38 [6] (2.6 GHz) and Band 3 and 39 [7] (2 GHz) with a view to study the applicability of the -15.5dBm/5MHz emission level. In [6], it is observed that “Band 7 and Band 38 UE-UE interference is serious in some scenarios” for such UE spurious emissions for co-existence. In particular, the worst cases measured were those in which there is a large coupling loss to the aggressor and victim base stations, which is also predicted by the simulation results in [5].
For 3.5 GHz, a compromise emission limit for UE co-existence was studied in [5]. As an starting point, it was proposed “to specify –[30 to 40]dBm/MHz between 10-20MHz from the operating band”. RAN4 adopted the highest proposed emission limit -30dBm/MHz for further considerations. To further reduce the impact on the aggressor UE by this emission limit, it was agreed to average this requirement over 5MHz, i.e. to consider -23dBm/5MHz.
2.2
Way forward

2.2.1

Band 42, 43 co-existence 

During RAN4#72bis, the group could not decide between -23dBm/5MHz and -15.5dBm/5MHz as the emission level associated to NS_22, NS_23. An alternative to specify:

 -15.5dBm/5MHz with NS_01 and RB restrictions

-23dBm/5MHz with NS_22, NS_23 

was proposed. This would allow operators to decide which level to fulfil on their networks. However, concerns on additional testing were raised.

The AMPR needed to fulfil the -15.5dBm/5MHz from Band 42 to Band 43 at 5MHz from the aggressor channel edge is of the order of 1dB. The equivalent RB restrictions are for small and large allocations when RBend are at the highest RBs of the channel bandwidth. This emission level is pretty close from the E-UTRA ACLR level (thus the small A-MPR to achieve it). From a co-existence perspective, the emissions of a UE compliant with ACLR or an emission of -15.5dBm/5MHz makes no difference. Furthermore, in [4], the victim degradation is acceptable for both UE aggressor emissions. In contrast, the degradation was found high for these scenarios in [5]. We note that ACLR was derived for UL-UL co-existence. As one of the concerns was the testing time, it seems logical to skip this requirement.
The emission limit of -23dBm/5MHz (or -30dBm/MHz) implies a tighter emission limit than ACLR and thus requires certain A-MPR (larger than 1dB). Specifying this emission limit in connection to NS signalling (NS_22/23) will allow operators to decide the UE emissions based on the deployment scenarios. We recognize that this emission level is far from the standard -50dBm/MHz and may still imply the risk of interference under certain circumstances. 
Another possibility to move forward could be to consider the non-specification of a UE spurious emission for co-existence requirement between Band 42 and 43 and assume synchronization among networks in these adjacent bands. Then there should be an indication of such assumption in 36.101.
2.2.2
Symmetric A-MPR for in-band and adjacent band co-existence
We propose to use a symmetric A-MPR profile for both non-CA (NS) and CA (CA_NS). In this way, the proposed NS values for Band 42/43 and Band 22/43 co-existence can also be used for UE co-existence within each TDD band for unsynchronized operation, i.e. NS_22 for Band 42 and NS_23 for Band 43 in-band co-existence (for networks operating at a frequency separation larger than 5MHz). In addition, this could also allow for improved UE-UE compatibility for eIMTA operation within an operator block. Figure 1 illustrates the in-band protection and Figure 2 the protection of an adjacent band, the emission profile is indicated by the dotted line.
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Figure 1: protection between adjacent frequency blocks within a band for unsynchronised operation.
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Figure 2: protection between adjacent operating bands,  Band 42/43 or Band 43/22. 
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Use of NS by operators

NS_22 or NS_23 can be used by Band 42 or Band 43 operation when the spectrum 3400-3800MHz is allocated for TDD operation. This would allow for protection of UEs receiving in one of the operating bands from UE emissions from the other operating band, i.e. adjacent bands co-existence.

NS_22 can also be used by Band 42 for protection of other TDD systems within this operating band. This is needed when the systems are not synchronized. In cases the TDD networks are synchronized, the UE does not need to back-off according to the A-MPR associated to NS_22 and thus the network can signal NS_01. In this case, the aggressor UE will just be compliance with the default SEM. The same applies to NS_23 for Band 43.

NS_23 can also be used by Band 43 networks to allow for protection of Band 22 UEs when Band 22 and 43 are allowed in the same geographical area.

For scenarios where co-existence with other bands at 3.5GHz do not have to be considered or Band 42 and 43 are synchronized, the eNBs can signal NS_01 and the UEs will not back-off.
The flexibility afforded by the NS signaling (NS_22/23 or NS_01) can also allow local regulations to make different requirements on band protection depending on whether or not synchronization is mandated for TDD or Band 43 is coexisting with Band 22 in the same geographical area.

2.4



In the specification

The following reflects how to specify the minimum requirements associated to NS_22/23 in TS 36.101. The same symmetric A-MPR profile is proposed to be associated with both NS_22 and NS_23. Explicit frequency limits are given for the protected band, but the A-MPR can also be used within Band 42 and Band 43 for NS_22 and NS_23, respectively.




	
	
	
	

	
	
	
	
	
	

	






	
	
	
	

	
	
	
	
	
	

	


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)
	Measurement bandwidth
	Note

	
	
	5, 10, 15, 20 MHz
	
	

	
	3600 
	-
	3620
	-23
	5 MHz
	1

	
	3620
	-
	3800
	-40
	1 MHz
	2

	NOTE 1:
This requirement applies at 5MHz offset above the carrier edge

NOTE 2:
This requirement applies at 25MHz offset above the carrier edge


NOTE 1:
For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth (1 MHz).

6.6.3.3.17
Minimum requirement (network signalled value " NS_23")
When "NS 23" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.3.3.17-1. 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 6.6.3.3.17-1: Additional requirement 
	
	Frequency band (MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth
	Note

	
	
	5, 10, 15, 20 MHz
	
	

	
	3400 
	-
	3580
	-40 
	1 MHz
	1

	
	3580
	-
	3600
	-23
	5 MHz
	2

	NOTE 1:
This requirement applies at 25MHz offset below the carrier edge 
NOTE 2:
This requirement applies at 5MHz offset below the carrier edge 


Alternatively, the two NS values NS_22 and NS_23 can be merged into one single NS value since the same symmetric A-MPR profile is used for both cases. This would also reduce the number of test cases specified.
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Proposal

It is proposed to specify -23dBm/5MHz associated with NS_22 and NS_23 and derive a symmetrical A-MPR. This is proposed in the benefit of TDD to allow for UE victim protection when the networks are not synchronized.
NS_22 or NS_23 can be used

1. For UE co-existence between Band 42 and 43 when the TDD networks are not synchronized
2. For UE co-existence between unsynchronized TDD networks within Band 42 (NS_22)

3. For UE co-existence between unsynchronized TDD networks within Band 43 (NS_23)

4. For protection of Band 22 devices when Band 22 and 43 are allocated in the same region

Networks can signal NS_01 when there is synchronized TDD operation.
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