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1. Introduction

Reference sensitivity values were proposed for the 2.6 GHz TDD Band 41 in [1] and agreed, but left in square brackets for confirmation.  The reference sensitivity values proposed are consistent with the best reference sensitivity specifications of any band defined in 36.101.  This implicitly suggests that Band 41 is an “easy” band with minimal impairments which might degrade achievable reference sensitivity.  In this contribution, we provide considerations to illustrate that this assumption may indeed be valid in some conditions, but may not be valid when coexistence with ISM is required.
2. Discussion

2.1. Factors affecting reference sensitivity
A number of factors affect the receive performance of the UE and therefore the reference sensitivity specification.  The following table lists a number of the key factors used to derive reference sensitivity and the values assumed for each of the parameters.  The assumed values are necessary to maintain consistency across bands and between companies providing analysis and have been generally agreed to by all companies in performing reference sensitivity analysis.  The assumptions here are based on worst case values since the specification is intended to provide a minimum performance requirement.  Furthermore, the specification seeks to provide a minimum performance level while maintaining and allowing for multiple terminal implemenation options and configurations.  Consequently, a given UE implementation at room temperature may outperform what is indicated by these assumptions.  
Table 1.  Baseline receiver performance assumptions.

	Parameter
	Value

	NF of the receiver (including minimal front-end IL)
	9 dB

	Transceiver architecture
	1 Tx, 2 Rx

	Combiner algorithm
	MRC

	Implementation margin
	2 dB

	Demodulation SNR
	-1 dB


In addition to the above, band-specific parameters are also considered in defining reference sensitivity.  The key band-specific parameters are transmitter noise and additional insertion loss in front-end components.  The additional noise and/or insertion loss necessarily degrades reference sensitivity for more challenging bands.  For example, small duplex separation, stringent emissions requirements, or nearby strong blockers are reasons why some bands may be more challenged and therefore bear the burden of worse reference sensitivity.  It is worth noting that when a band is not encumbered by these additional factors, the assumptions of Table 1 lead to a baseline reference sensitivity of -97dBm for a 10MHz channel.  In fact, this baseline reference sensitivity represents a “best-case” achievable in easy bands where no additional challenges are present.  For example, this is the reference sensitivity level of Band 1 or Band 4 where the requirements on the duplexer are not challenging and the duplex separation is large enough that transmitter noise is negligible.  This best case reference sensitivity has also been proposed for Band 41.
2.2. Applicable factors for Band 41
The baseline assumptions as shown in Table 1 apply to all bands, including Band 41.  Additionally, transmitter noise is irrelevant for Band 41, since it is a TDD band.  Therefore, the only remaining factor which may reduce reference sensitivity from the baseline value is the possible additional insertion loss of front-end components to support this band.  Additional insertion loss may come as a result of the following
· Stringent filtering requirements to support coexistence with services in the ISM band,

· Switching losses associated with multiple filters to support this band.

2.2.1. Filtering requirements
It has been shown in [2] that among the coexistence scenarios confronting a multi-mode Band 41 UE, the coexistence between in-device LTE and WLAN is the most challenging one.  Due to the close proximity between the lower edge of Band 41 at 2496 MHz and the upper end of the ISM spectrum at 2480 MHz, there exists a great possibility of mutual interference between the two systems when operating simultaneously.  In recognition of this problem (although more focused on Band 40),  a study item[3] is underway in RAN2 to investigate appropriate signaling and procedures to enable time-division and other techniques to mitigate this mutual interference.  However, for Band 41 as indicated in [2], it has instead been proposed to address the coexistence problem with a filtering solution in hardware.  
An analysis is provided in [2] to derive the MCL required between LTE and WLAN to meet an “acceptable” level of performance in the two systems.  The analysis takes into account effects due to receiver saturation, blocking and  spurious emissions falling in-band.  The largest MCL among these factors is taken as the recommended MCL between the two systems.  The main conclusions are summarized in the table below

Table 2.  Summary of MCL findings in [2].

	Direction
	Mechanism
	Desense
	MCL Req’d

	WLAN to LTE
	Blocking
	6 dB
	59 dB

	WLAN to LTE
	Spurious emissions
	3 dB
	67 dB

	LTE to WLAN
	Blocking
	Not specified
	58 dB

	LTE to WLAN
	Spurious emissions
	3 dB
	75 dB


Noticing that the required MCL is largest for those cases of spurious emissions, the analysis assumes that devices outperform their respective emissions specification requirements thereby justifying a reduced MCL requirement of 60dB.
As with any analysis, the conclusions are based on assumptions which may not hold true in all circumstances.  In particular, not all devices may exceed their emissions requirements, especially in worst case conditions considering temperature variation.  Also, the various desense mechanisms are uncorrelated so that their effects are likely to sum together in power.  Therefore, the required MCL to truly achieve a desired level of performance, say 3dB desense, in the worst case is likely to be higher than what is shown above.  Similarly, a system designed to achieve 60dB MCL is likely to see higher desense than anticipated above.  However, since there are no explicit performance requirements mandated for LTE and ISM coexistence, the guideline of 60dB MCL is indeed a good balance between coexistence performance and practicality.
To achieve the 60dB MCL, it has been assumed that the antenna isolation between the two systems is 15dB.  Therefore, the remaining 45dB of coupling loss must be provided by the front-end filter.  Specifically, the filter is required to provide 45dB of stopband rejection in the ISM band in the range from 2400-2480 MHz.  
Meeting 45dB stopband rejection 16 MHz away from the band edge over process and temperature variation is extremely challenging.  Assuming that the margin required for process and temperature variation is 10 MHz, the filter is now required to provide 45dB rejection at an offset of 6 MHz from the band edge.  State-of-the-art filters are not able to provide such a steep transition between passband and stopband without incurring a large insertion loss penalty at the band edge.  The filter design challenge is somewhat alleviated by considering a dual filter achitecture, as proposed in [2] wherein the close-in stopband attenuation is provided by a filter with passband over the range 2496 – 2570 MHz.  

Summarizing the findings in [2], filter simulations suggest that such a filter can provide greater than 45 dB rejection over the ISM band with a maximum insertion loss of 2.2dB.  Adding in an additional 0.5dB insertion loss for a switch, the total front end insertion loss due to the filter and an additional switch is 2.7dB.  However, the filter simulations provided are for a typical filter at room temperature.  When process variation and temperature drift are factored, it can be expected that the rejection will be reduced and/or the insertion loss will be increased.  Therefore, it is likely that the performance of the filter in the worst case does not meet the necessary requirements without increased insertion loss.
2.2.2. Switching losses

The second factor which may lead to degraded reference sensitivity in Band 41 are switching losses.  Inherent to TDD operator is the Rx/Tx switch; however, the loss associated with this switch has been absorbed in the basic assumptions of Table 1.  However, the dual filter architecture which seems to be a requirement for Band 41 if some rejection in the ISM band is desired, includes the two additional switches as shown below
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Figure 1.  Dual-filter architecture
The insertion loss associated with each switch is 0.5dB, for a combined loss of 1dB to support the dual filter architecture.  It may be possible to incorporate the switch closest to the antenna as part of the band-select switchplexer in the terminal design.  However, this would mean that the switchplexer must now be larger to accommodate the extra “throw” position.  A larger switch, in turn, implies a greater insertion loss; albeit less than the 0.5dB associated with a standalone SP2T switch.  Therefore, the overall insertion loss when using a larger switchplexer might be 0.7dB.  The other alternative is to reduce the number of roaming bands supported by the device to make available the extra throw position in the switch.  In this configuration, the overall loss would be only that of a single switch; i.e., 0.5dB.  However, in defining minimum performance requirements, they should be defined in such a way to allow multiple implementation options; that is, to enable the largest number of roaming bands which implies the larger switchplexer.
2.3. Reference sensitivity for Band 41

Reference sensitivity for Band 41 is the driven by the requirement for in-device coexistence with ISM.  Without this requirement, the design constraints on the front-end filter are significantly relaxed and the need to resort to a dual-filter architecture is no longer present.  Therefore, under this condition, the insertion loss of the filter can be minimal and no additional RF switches are required.  Reference sensitivity as proposed in [1] can be met according to the baseline assumptions of Table 1.  

However, if a terminal is required to support in-device coexistence with ISM with a filter-based solution, then the baseline sensitivity is not likely to be met.  The challenge in defining the appropriate reference sensitivity value for Band 41 is that there is no published requirement for coexistence with ISM.  The required performance metrics of each system (i.e., blocking tolerance, sensitivity degradation, etc) are not well-defined and may actually differ from application to application.  Consequently, the rejection requirements on the filter are not precisely known and so the associated insertion loss can not be known.  
It has been proposed [2] to set the filter rejection requirement to 45dB at 2480 MHz.  While it is debatable whether this is the correct value and what level of performance on each system this would enable, it appears that such a requirement would necessarily lead to a degraded reference sensitivity specification for this band.  

The similarity between Band 41 and Band 7 has been noted in [2].  Both of these bands are subject to interference to and from ISM due to their proximities.  Therefore, both of these bands should have similar filtering requirements.  However, Band 7 has the additional complication of transmitter noise since it is an FDD band.  The transmitter noise is particularly pertinent for wider channel bandwidths where the uplink configuration has been reduced from 100 RB’s to 75 RB’s.  On the other hand, Band 7 benefits from a 25% larger guardband between its lower band edge and the edge of the ISM band.  Also, Band 7 does not require the additional switches associated with a dual filter architecture.  While not identical, due to the many commonalities between Band 7 and Band 41, and noting that [2] indicates that the insertion loss of the front-end is similar between the two bands, it seems reasonable to set the reference sensitivity of Band 41 to be the same as that of Band 7, which is 2dB relaxed what has been proposed in [1].  
3. Conclusion

This contribution has addressed the reference sensitivity specification for Band 41.  Baseline reference sensitivity can be achieved in this band if there is no requirement for in-device coexistence with ISM, or if techniques related to time multiplexing or hand-over are employed instead of filtering.  However, if such a requirement exists and filtering is viewed as a desirable approach, then the additional insertion loss associated with the front-end filter and the dual-filter architecture must be taken into account.  ISM coexistence is not an explicit requirement in 3GPP or in any regulatory body.  Nonetheless, as evidenced by recent interest and activity within 3GPP, it seems clear that there is an expectation that the two systems will operate simultaneously in at least some devices.  Since the 36.101 specification is intended to be a minimum performance requirement that allows a multitude of terminal implementations, it is recommended that allowance be made for ISM coexistence with a filtering solution.  While it may be difficult, if not impossible, to determine the exact allowance since the performance requirements of each system operating simultaneously are not well-defined, noting the similarity between Band 41 and Band 7, it is recommended that a reference sensitivity relaxation of 2dB be allowed for this band to align the two.
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