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1. Introduction

Recently, discussion on carrier aggregation between Band 19 and the upper portion of Band 28 has been discussed.  The main discussion points are the MSD required and whether a single MSD value should be applied across the entire upper range of Band 28, or whether the range should be divided into two.  According to the agreement in [1], the MSD should at least be analyzed over the limited frequency range.  Such analysis is provided in this contribution, however, if and how this information should be captured in specifications is still to be decided.
2. Discussion

It was reported in [2] that when operating in the CA_19A-28A CA configuration with uplink in Band 19, there is interference generated which degrades receiver performance in Band 28.  Based on filter data from the best performing vendor, it was shown that an MSD of 4 to 5 dB would be required depending on the channel bandwidths in each band.  This analysis was based on an assumption that Band 28 can be implemented with two overlapping filters and that the carrier aggregation for this band combination is defined over the upper 30 MHz of Band 28.

However, in [3] it was proposed that the MSD should be considered over a limited frequency range of Band 28, limited not only to the upper 30 MHz from 773 - 803 MHz, but specifically constrained to 773 - 793 MHz.  The motivation for defining a separate MSD over the limited frequency range is that the proponent only has spectrum holdings within this limited frequency range and the filter characteristics can be assumed to be improved over this limited frequency range leading to a smaller MSD specification for the operator.  The disadvantage to defining the MSD over the limited frequency range is the additional complexity to the specifications and design and test effort of having multiple requirements over different portions of a band, and of overly optimizing the requirements for one locality where the band was envisioned to be more globally relevant.
2.1. TIB and RIB
Values for TIB and RIB of 0.5 dB and 0 dB have been proposed in [x].  Although the values appear aggressive compared to the insertion loss experienced by the RF front-end, these are the same values that have been agreed for B18+B28 and can therefore be applied to this band combination as well for consistency.
2.2. MSD analysis

For the case of uplink in Band 28, it is estimated that no MSD is required.  

For the case of uplink in Band 19, however, the proximity of uplink to downlink and the limited cross-band isolations available from the quadplexer lead to noise sources impacting Band 28 downlink while Band 19 uplink is simultaneously active.  The noise sources include Tx noise, phase noise, and reciprocal mixing products which couple into the receiver as well as noise generated within the receiver itself due to its limited IP2.  To conduct the analysis, the following parameters have been assumed


Band 28 Rx front end loss:  6 dB 


PA noise in Rx band: -122 dBm/Hz


Tx and Rx phase noise:  Approximately -150 dBc/Hz


IP2: 48 dBm


Primary-diversity antenna isolation:  10 dB

The following MSD values are derived, including an estimate of MSD in the entire 30 MHz of upper Band 28 as previously reported and an estimate of MSD for the limited frequency range in Band 28 of 773 - 793 MHz.  When the frequency range in Band 28 is limited, the filter performance is slightly improved as are some of the transceiver characteristics such as phase noise with the larger offset between Tx and Rx.
Considering only vendor B, the results are shown below.  Since the filter data from vendor A is worse, it can be expected that the MSD using vendor A's data would be larger than shown below.

	PCC B19 CBW
	SCC B28 CBW
	MSD (B28 DL, 773 - 803 MHz) Vendor B
	MSD (Limited B28 DL, 773 - 793 MHz) Vendor B

	5
	5
	4.53 → 4.5
	3.87 → 4.0

	5
	10
	3.84 → 4.0
	3.15 → 3.0

	10
	5
	4.69 → 5.0
	3.93 → 4.0

	10
	10
	4.00 → 4.0
	3.23 → 3.0

	15
	5
	5.13 → 5.0
	4.25 → 4.5

	15
	10
	4.51 → 4.5
	3.62 → 3.5


2.3. Uplink configuration

Inherent in the MSD analysis above is an assumption of PA noise at -122 dBm/Hz.  In order to meet this level of PA noise, the uplink configuration in Band 19 must be reduced to minimize the PA spectral regrowth.  One method of analysis [4][5] is a normalized frequency separation between the edge of the transmission bandwidth configuration and the receive channel to enable PA emissions to decay sufficiently.  Following the methodology of [4], we derive the uplink configuration as follows

Table 7.3.1A-0bB: Uplink configuration for the low band (exceptions for two bands)
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex mode

	CA_1A-3A1, 2
	1
	
	
	25
	25
	25
	25
	FDD

	CA_1A-3A1, 3
	1
	
	
	25
	45
	45
	45
	FDD

	CA_18A-28A4
	18
	
	
	18
	18
	18
	
	FDD

	CA_19A-28A4
	19
	
	
	18
	18
	18
	
	FDD

	NOTE 1:
refers to the UL resource blocks shall be located as close as possible to the downlink channel in Band 3 but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1) in the uplink channel in Band 1.

NOTE 2:
UL allocation when the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is < 60 MHz
NOTE 3:
UL allocation when the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is ≥ 60 MHz.

NOTE 4:
refers to the UL resource blocks shall be located as close as possible to the downlink channel in Band 28 but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1).


It is noted that the uplink configuration proposed here differs from the uplink configuration already agreed for B19+B28.  In fact, it was in preparing the analysis for this contribution that we recognized that there is also an error in the B18+B28 uplink configuration that should be corrected.  Correction of B18+B28 specifications shall be handled in a separate CR.  It is also noted that the uplink should be placed closest to the downlink band of the cross-band receiver which in this case is Band 28 for worst case location.  Thus, the Note 4 in the table is also proposed to be modified if this was the intention.
2.4. How to capture in specifications

Whether separate MSD specifications over the limited frequency range in Band 28 should be captured in specifications is not agreed.  On one hand, it has been proposed that two separate MSD values be specified since the operator requesting this approach is holding spectrum only in the limited frequency range.  On the other hand, having multiple MSD requirements increases the complexity of the specification and test effort.  Another operator may want a different frequency range specified so there may be request for more than two MSD values.  Band 28 is already divided into an upper portion and a lower portion (this WI addresses only the upper portion) so further dividing it is undesirable. We also note that other specifications, for example, reference sensitivity are generally a single requirement over the entire band rather than divided according to specific operator holdings.  We therefore propose that a single MSD value be defined for this band combination.
However, to address the request of the operator as suggested by [2], we propose that the MSD over the limited frequency range can be captured in the DL CA TR.
3. Conclusion
In this contribution, additional MSD analysis is provided for the condition that the DL frequency range in Band 28 is limited to 773 - 793 MHz.  However, we propose that a single MSD value be defined over the entire range of this band combination and that MSD over a limited frequency range might be captured in the TR.
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