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1. Introduction

In [1], the impact of intermodulation products formed from 2UL inter-band CA affecting GNSS reception was highlighted.  Since accurate position locationing is often a regulatory requirement, the severity of this problem is acknowledged and has been listed as an open issue on all five 2UL inter-band CA work items A1 - A5 at RAN #64 [2], slated for completion at RAN #65 in September.  In this contribution, we provide further consideration for the use of P-MPR as a solution in Rel-12.  This does not preclude further enhancements in future releases; particularly, the possibility to extend existing in-device coexistence signaling mechanisms to address this issue.
2. Discussion

A large number of 2UL inter-band CA band combinations have been identified to have potential impact to GNSS systems.  In fact, of the 24 2UL inter-band CA band combinations currently being specified, half of them are impacted by IM products up to order 5 impinging upon GNSS receive bands.  The affected band combinations are summarized below in Table 1.
Table 1.  2UL inter-band CA band combinations impacting GNSS reception.

	Band
	Band
	Compass/Beidou
	Galileo
	GLONASS
	GPS

	1
	5
	 
	 
	 
	 

	1
	19
	 
	 
	 
	 

	3
	20
	IM5
	IM5
	IM5
	IM5

	7
	28
	 
	 
	 
	 

	2
	13
	H2
	H2
	 
	H2

	4
	13
	H2
	H2
	 
	H2

	3
	8
	IM4
	IM4
	IM4
	 

	4
	12
	 
	 
	 
	 

	4
	17
	 
	 
	 
	 

	1
	7
	 
	 
	 
	 

	3
	7
	IM4
	IM4
	IM4
	IM4

	4
	7
	IM4
	IM4
	IM4
	IM4

	5
	12
	IM2
	IM2
	 
	IM2

	5
	17
	IM2
	IM2
	 
	IM2

	39
	41
	IM4
	IM4
	IM4
	IM4

	3
	5
	IM5
	IM5
	IM5
	IM5

	2
	4
	IM3, IM5
	IM3, IM5
	IM3
	IM3, IM5

	7
	20
	 
	 
	 
	 

	3
	26
	IM5
	IM5
	IM5
	IM5

	5
	7
	 
	 
	 
	 

	3
	19
	IM5
	IM5
	IM5
	IM5

	1
	3
	IM3
	IM3
	IM3
	IM3

	1
	21
	 
	 
	 
	 

	19
	21
	 
	 
	 
	 


In [1], a proposal was offered to broaden the scope of P-MPR to encompass this case of 2UL intermodulation interference with GNSS.  However, several concerns were raised

1. Not all channels, indeed, not all allocations will have IM products landing in GNSS, even if the bands themselves might.  P-MPR should only be allowed when there is actually a transmission where it is needed.
2. Depending on the order of the IM, the band itself, component performance, etc., the level of the IM interference will differ, and therefore the appropriate amount of P-MPR will differ.  Having unbounded P-MPR is not desired.
3. Other proprietary solutions may solve the problem such as Rx blanking or puncturing on the GNSS receiver.
4. In-device coexistence (IDC) mechanisms already defined will solve the problem.

We do not believe that other solutions such as GNSS blanking or existing IDC mechanisms can solve the problem in all cases.  The blanking duty cycle and period required to maintain GNSS reception may not be consistent with LTE uplink scheduling since the GNSS receiver cannot be blanked for long periods of time nor for large duty cycles.  Furthermore, the eNB scheduler would not be aware of GNSS interference issues on the UE and therefore would not apply the appropriate UL time slicing for the LTE transmission.  Existing IDC mechanisms only allow for a request of autonomous denials by the UE which is not assured to be granted by the eNB.  Furthermore, the maximum autonomous denial rate is 15%, which is insufficient to protect GNSS.  Therefore, we do not believe that these other solutions alone are sufficient to preserve GNSS operation when UL interference exists.

For the P-MPR approach, the concern is that P-MPR is unbounded given that there are sparse restrictions on how much power backoff the UE will take and on when it will take them.  To address the concern that P-MPR should only be allowed when there is the potential for interference, we propose that the wording of the specification be more carefully crafted to only allow P-MPR when there is actual IM interference to GNSS receive frequencies.  The second concern regarding the amount of P-MPR backoff allowed is more difficult to resolve.  The amount of interference, and therefore the amount of backoff required, is highly dependent on the IM order, the component performance, the frequency separation to the GNSS band, to LTE transmission waveform, etc.  To determine this accurately, and to achieve agreement in RAN4, would be extremely time-consuming if at all possible.  Further, we note that allowed backoff P-MPR values for multi-RAT simultaneous transmission and SAR are also not specified.  We propose that the same approach can be followed here, especially in light of the fact that the 2UL work items depending on resolution of this problem are aiming for completion in September for inclusion into Rel-12.  
For the future, we can consider more advanced solutions to complement P-MPR.  For example, enhancements for IDC methods to introduce additional signaling may be considered.  However, we do not consider these other techniques to be feasible in the time remaining for Rel-12.

2.1. How to handle in the specifications

Specifically, we propose the following modification

P-MPRc is the allowed maximum output power reduction for

a)
ensuring compliance with applicable electromagnetic energy absorption requirements,  addressing unwanted emissions / self desense requirements in case of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications, and addressing unwanted emissions / self desense requirements for GNSS reception in case of simultaneous transmission of E-UTRA component carriers when there is intermodulation interference in the context of uplink carrier aggregation;

b)
ensuring compliance with applicable electromagnetic energy absorption requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.

The UE shall apply P-MPR c for serving cell c only for the above cases. For UE conducted conformance testing P-MPR shall be 0 dB

NOTE 1:
P-MPRc was introduced in the PCMAX,c equation such that the UE can report to the eNB the available maximum output transmit power. This information can be used by the eNB for scheduling decisions.
NOTE 2: P-MPRc may impact the maximum uplink performance for the selected UL transmission path.
3. Conclusion
In this contribution, we highlight the impact of 2UL intermodulation products on GNSS reception.  Since the performance of GNSS reception is often bound by regulatory requirements, the only recourse to mitigating performance loss is to reduce the power of the LTE transmission (or to deactivate the UL SCC altogether).  We propose to broaden the definition of P-MPR to include UL CA protection to GNSS for Rel-12.
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5.2.5.1 UE maximum output power for 2UL inter-band CA
For 2UL inter-band CA, considering SAR requirement, current power class for each UE should be maintained. UE maximum output power shall be measured over all component carriers from different bands. If each band has separate antenna connectors, maximum output power is measured as the sum of maximum output power at each UE antenna connector.

For 2UL inter-band CA, multiple transmitters with one for each band are assumed. Considering lower tolerance is impacted by the number of transmitters rather than the number of antenna connectors, the lower tolerance of maximum output power for dual uplink inter-band CA shall also be relaxed due to multiple transmitters. This is very similar to the case of UL-MIMO. The tolerance value for 2UL inter-band CA could refer to UL-MIMO considering both are two transmitters sharing the maximum output power. For a certain band combination, if the lower tolerance is different for the two constituent bands, the tolerance is FFS. 
Table 5.2.5.1-1: CA UE Power Class with dual uplink

	E-UTRA CA Configuration
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	CA_1A-5A
	
	
	
	
	23
	+2/-3
	
	

	CA_3A-20A
	
	
	
	
	23
	 +2/-32
	
	

	CA_1A-19A
	
	
	
	
	23
	+2/-3
	
	

	CA_3A-8A
	
	
	
	
	23
	 +2/-32
	
	

	CA_4A-12A
	
	
	
	
	23
	 +2/-32
	
	

	CA_4A-17A
	
	
	
	
	23
	+2/-3
	
	

	CA_1A-7A
	
	
	
	
	23
	 +2/-32
	
	

	CA_3A-7A
	
	
	
	
	23
	 +2/-32
	
	

	CA_4A-7A
	
	
	
	
	23
	 +2/-32
	
	

	CA_5A-12A
	
	
	
	
	23
	 +2/-32
	
	

	CA_5A-17A
	
	
	
	
	23
	+2/-3
	
	

	CA_3A-5A
	
	
	
	
	23
	 +2/-32
	
	

	CA_7A-20A
	
	
	
	
	23
	 +2/-32
	
	

	CA_1A-21A
	
	
	
	
	23
	+2/-3
	
	

	NOTE 1:
Void
NOTE 2:
2 refers to the transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 

NOTE 3:
PPowerClass is the maximum UE power specified without taking into account the tolerance

NOTE 4: 
For inter-band carrier aggregation the maximum power requirement should apply to the total transmitted power over all component carriers (per UE).


5.2.5

Transmit power

5.2.5.2 PCMAX for dual uplink inter-band CA
It has been agreed to adopt PCMAX tolerances for 2 UL inter-band CA as in following Table 5.2.5.2-1

 Table 5.2.5.2-1: PCMAX tolerance dual UL inter-band CA

	PCMAX             (dBm)
	Tolerance 
TLOW(PCMAX_L) (dB)
	Tolerance 
THIGH(PCMAX_H) (dB)

	PCMAX = 23
	3.0
	2.0

	[22] ≤ PCMAX < [23]
	[5.0]
	[2.0]

	[21] ≤ PCMAX < [22]
	[5.0]
	[3.0]

	[20] ≤ PCMAX < [21]
	[6.0]
	[4.0]

	[16] ≤ PCMAX < [20]
	[5.0]

	[11] ≤ PCMAc < [16]
	[6.0]

	[-40] ≤ PCMAX < [11]
	[7.0]


5.2.5.2.1 P-MPR for dual uplink inter-band CA
As shown in Table 9.1-1, intermodulation products from 2UL inter-band CA can interfere with GNSS reception.  Since GNSS receiver performance is often bound by regulatory requirements, one solution is to reduce PCMAX,c to comply.  
The UE is allowed to set its configured maximum output power PCMAX,c for serving cell c. The configured maximum output power PCMAX,c is set within the following bounds:

PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c with


PCMAX_L,c = MIN {PEMAX,c – TC,c,  PPowerClass – MAX(MPRc + A-MPRc + ΔTIB,c + TC,c, P-MPRc)}


PCMAX_H,c = MIN {PEMAX,c,  PPowerClass}

P-MPRc is the allowed maximum output power reduction for

a)
ensuring compliance with applicable electromagnetic energy absorption requirements, addressing unwanted emissions / self desense requirements in case of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications, and addressing unwanted emissions / self desense requirements for GNSS reception in case of simultaneous transmission of E-UTRA component carriers when there is intermodulation inteference in the context of uplink carrier aggregation;
b)
ensuring compliance with applicable electromagnetic energy absorption requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.

The UE shall apply P-MPR c for serving cell c only for the above cases. For UE conducted conformance testing P-MPR shall be 0 dB

NOTE 1:
P-MPRc was introduced in the PCMAX,c equation such that the UE can report to the eNB the available maximum output transmit power. This information can be used by the eNB for scheduling decisions.
NOTE 2: P-MPRc may impact the maximum uplink performance for the selected UL transmission path.
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