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1. Introduction
In this document, we discuss feasibility of CA_n5-n8 band combination using the legacy filter and spectrum restriction according to [1].
2. Discussion
In previous meeting, the WF [1] was agreed, and the WF agreements can basically be summarized as shown in Table 2.1. The focus for this contribution will be for the CA_n5-n8 LB-LB combination. As shown in the table, the spectrum allocation and channel bandwidths for n5 and n8 are restricted due to spectral overlap. Architectural choices are either with 2 or 3 antennae.
Table 2.1: WF agreement and preliminary assumptions.
	Topic
	CA_n5-n8
	CA_n5-n28
	CA_n8-n20-n28

	Spectrum restriction assumption
	-n5: UL: 824-835MHz DL: 869-880MHz                   -n8: UL: 904-915MHz DL: 949-960MHz
	 
	For n28                                UL: 703-733MHz DL:758-788MHz

	UE RF Architecture assumption
	2 antenna, 3 antenna
	2 antenna, 3 antenna, 4 antenna

	CBW Assumption
	5, 10MHz for both bands
	-5, 10, 15, 20MHz for band n5                         -5, 10, 15, 20, 25, 30MHz for band n28
	-5, 10, 15, 20MHz for bands n20, n28                     -5, 10, 15MHz for band n8

	RF parameter assumption
	FFS
	 
	 

	Feasibility Issues to be analyzed
	MSD from crossband isolation due to IM5              Impact on n5 OOB blocking
	MSD from crossband isolation
	-MSD from IMD3, IMD5 for ULCA_n8-n20                                -MSD from IMD3 for ULCA_n20_n28     Impact on n5 OOB blocking

	Other observations or proposals
	 
	No IMD for 2UL CA n5-n28
	 

	UL Configuration
	The same RB allocation with single band REFSENS UL configuration is considered as the starting point.
	-The same RB allocation with single band REFSENS UL configuration is considered as the starting point.                                      -UL configuration CA_n8-n20, CA_n8-n28, CA_n20-n28


2.1. Architectural choice
Figure 2.1.1-1 shows 2 possible antenna architectures as proposed in the WF. The 2-antenna approach could assume the use of 2 quad-plexers. Such an architecture could save area and cost. The 3-antenna architecture, which includes legacy duplexer and an extra diplexer, is a better performing option There have been extensive discussions in the previous RAN4 meeting with regards to antenna tuning bandwidth [2] that need not be repeated here. Example combination showing the antenna tuning issue is shown in [3]. As such, the 3-antenna approach will be proposed based on the following observations.
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Figure 2.1.1-1: 2 antenna architecture (top) and 3-antenna architecture (bottom)

Observation 1: The Q of the antenna match is too high to accommodate a 2-antenna approach with band n5 and band n8 on the same antenna. The optimum VSWR 2:1 tuning BW required is over 136MHz. TIS (Total Isotropic Sensitivity) and TRP (Total Radiated Power) will be significantly impacted. Radiated performance is a primal factor for link performance.
Observation 2: With legacy filtering for band n5 and band n8, there is no relief from any antenna isolation, and due to the shared spectrum of n8 TX and n5 RX, there will be significant TX leakage and TX blocking.

Observation 3: A LB-LB n5 RX/n8 RX diplexer is required for 3 antenna approach. 

Proposal 1: Do not consider 2-antenna architecture for CA_n5-n8 when using legacy filtering with n5/n8 spectrum restriction.

2.2. 3-Antenna approach and Impact of n8 TX on n5 RX

The following points need to be considered for n8 TX impact on n5 RX:
1. Self UE TX leakage of n8 TX into n5RX
2. n5 RX OOB blocking of n8 TX

3. UE-UE coexistence

Issue #1. To help visualize the predicament of TX leakage due to overlapping spectrum and restricted frequency spectrum, please refer to figure 2.2-1. First, there is no CIM5 as indicated in the WF. Second, the lower frequency of band n8 is at the upper limit of the restricted n5 spectrum allocation for this band combination. This means that any TX leakage or TX RX band noise gets no frequency rejection. The only relief one could offer is reduced resource allocation. Example TX leakage for a fully allocated signal at an offset of 3x channel BW when PA is calibrated for -30dBc ACLR at MPR=1dB is shown in [4], which shows -56dBm/MHz. For the restricted spectrum allocation, the RX victim can be at an offset of 5x the resource allocation. At this offset, the TX noise is expected to be -132dBm/Hz, again with no filter attenuation and no reduction in TX power level. TX power would have to be reduced further to lower the noise level.
Issue #2. The lower frequency of the restricted n8 spectrum is only 10MHz higher than the band n5 RX upper frequency, and at least some, but limited attenuation is expected. From an RX OOB blocker standpoint, this means that the expected TX blocker would have to be in RX OOB range 1 for 6dB of REFSENS relaxation. Obviously, this much attenuation is not possible at a small frequency offset, so MSD is expected to be higher than 6dB. If the rejection along with antenna isolation is not enough, TX power would have to be reduced to prevent RX large signal compression and saturation. The expected RX power could be as high as +23dBm-10dB-10dB (assuming 10dB rejection) = +3dBm. Very large! So, TX power must be reduced.
Issue #3. Other UEs operating in band n5 will have to deal with excessive TX leakage. The expected rejection to lower the noise from the target requirement of -50dBm/MHz is not available with legacy filtering. 


[image: image4]
Figure 2.1.1-1: Spectral overlap and projected filter overlap
The following observations are apparent, which leads to the proposal for MSD calculation:

Observation 4: No CIM5 is expected due to restricted spectrum

Observation 5: TX leakage or n5 RX band noise due to n8 TX gets no filter rejection with legacy n8 TX duplexer filter. The upper edge of n5 restricted RX has no guard band from the low end of n8 TX. Reduced resource allocation along with TX power reduction may be required for n8 TX UL channel bandwidths.
Observation 6: Expected n8 TX attenuation of n5 RX legacy filter is not expected to attenuate n8 TX blocker to RX OOB blocker range 1 level of -30dBm, so TX power would have to be reduced to prevent RX large signal compression and saturation.
Proposal 2: Agree on the n5 RX filter attenuation level at n8 TX frequency and n8 TX power reduction if using legacy n5 RX filter.
Proposal 3: Agree on the restricted resource blocks as well as lower TX power to compensate for no TX leakage attenuation at n5 RX frequency due to legacy n8 TX filter.
Proposal 4: Compute MSD requirements after agreed architecture and parameter assumptions for next RAN4#105.
3. Conclusion
Observation 1: The Q of the antenna match is too high to accommodate a 2-antenna approach with band n5 and band n8 on the same antenna. The optimum VSWR 2:1 tuning BW required is over 136MHz. TIS (Total Isotropic Sensitivity) and TRP (Total Radiated Power) will be significantly impacted. Radiated performance is a primal factor for link performance.

Observation 2: With legacy filtering for band n5 and band n8, there is no relief from any antenna isolation, and due to the shared spectrum of n8 TX and n5 RX, there will be significant TX leakage and TX blocking.

Observation 3: A LB-LB n5 RX/n8 RX diplexer is required for 3 antenna approach. 

Proposal 1: Do not consider 2-antenna architecture for CA_n5-n8 when using legacy filtering with n5/n8 spectrum restriction.

Observation 4: No CIM5 is expected due to restricted spectrum

Observation 5: TX leakage or n5 RX band noise due to n8 TX gets no filter rejection with legacy n8 TX duplexer filter. The upper edge of n5 restricted RX has no guard band from the low end of n8 TX. Reduced resource allocation along with TX power reduction may be required for n8 TX UL channel bandwidths.

Observation 6: Expected n8 TX attenuation of n5 RX legacy filter is not expected to attenuate n8 TX blocker to RX OOB blocker range 1 level of -30dBm, so TX power would have to be reduced to prevent RX large signal compression and saturation.
Proposal 2: Agree on the n5 RX filter attenuation level at n8 TX frequency and n8 TX power reduction if using legacy n5 RX filter.

Proposal 3: Agree on the restricted resource blocks as well as lower TX power to compensate for no TX leakage attenuation at n5 RX frequency due to legacy n8 TX filter.

Proposal 4: Compute MSD requirements after agreed architecture and parameter assumptions for next RAN4#105.
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