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Introduction
In RAN4#104e, we addressed the CA_n5-n8 challenges in [2] and several agreements were captured in way forward [1] for frequency range restrictions. In this contribution, we further elaborate on simultaneous n8 Tx / n5 Rx issue for this CA_n5-n8 band combination using the agreed upon restricted frequency ranges.
Discussion
Three antenna architecture
Given that single band n5 and n8 should be supported with full spectrum, the architecture must include as a minimum the n5 and n8 full duplexer for the main antenna and the bands n5 and n8 filters for the diversity path. Additionally, the overlap of band n8 UL with band n5 DL does not allow the n8 duplexer to be on the same antenna as the n5 DL leading for the need of a third antenna which was already discussed and agreed in [1].

The possible architecture based on 3 antennas is:
· Antenna 1: n5 duplexer, support n5 main antenna normal operation
· Antenna 2: n5 DL and n8 DL duplexer for diversity antenna normal operation. Also enabling CA_n5-n8 in DL
· Antenna 3: n8 duplexer, support n8 main antenna normal operation. May be switched to antenna 1 outside CA_n5-n8.

There are other options and refinements possible to fallback to two low band antennas when the CA_n5-n8 with simultaneous Tx/Rx is not supported. It is also important that the n5 and n8 UL can use the main antenna for any other single band or CA operation. It is also unclear what UL performance should be expected from this third antenna.

Proposal: 
· Even if a 3rd antenna is added to accommodate CA_n5-n8, in single band operation or other CA/DC cases, the Architecture should enable the use of only the two best antennas and n5/n8 UL use of the main antenna.
· For the 3rd antenna it should be clarified whether or not this is a dedicated low band antenna or a borrowed antenna used for higher frequency bands.
Simultaneous n8 Tx/ n5 Rx with restricted frequency range
In [1], the frequency range restrictions and channel bandwidths in Table 1 were agreed.
Table 1: Frequency restriction and channel bandwidths for CA_n5-n8
	Frequency range
	UL
	DL
	CBW

	n5 restricted range
	824MHz - 835MHz
	869MHz - 880MHz
	5, 10MHz

	n8 restricted range
	904MHz - 915MHz
	949MHz - 960MHz
	5, 10MHz



Based on this, Figure 1 illustrates the fact that the n8 UL is only 24MHz away from the n5 DL.
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Figure 1: band n5 DL and n8 UL separation with restricted frequency range
Given this 24MHz gap, the n5 DL 5MHz channel at the top of the restricted ranges is fully overlapped with the n8 10MHz UL ACLR3 and does not get much help form the n8 UL filter since the n5 DL falls just at the n8 UL bottom edge.
Under this case, if the n8 UL was fully allocated, using the SEM mask as a guideline, the ACLR3 region would be around -42dBm/MHz, with little if any rejection from the n8 UL filter, this could correspond to -55dBm/MHz thus -48dBm in 5MHz and result in a >40dB MSD and is higher than the in-band blocking case 1! Although this is not a usual UL configuration for REFSENS, this is a possible scenario when only n8 UL is used.
If we take an UL configuration of 15RB which is reasonable for a CA REFSENS case, the IMD picture would look as below in Figure 2.
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Figure 2: IMD landscape for n8 UL into n5 DL

Observations:
· In a possible CA scenario, the 5MHz DL at the top of n5 would see the combined interference of IMD7, IMD9 and IMD11.
· Only the 10dB antenna isolation can reduce the power before it reaches both the main and diversity paths of n5 as the full band 8 UL filter will not provide much attenuation
· Based on recent n71 work, the IMD7 interference power is about -55dBm and thus results in an MSD >30dB
· Note that the lower channel is now subject to IMD9 and 11 and again will get the antenna isolation of 10dB and some help from the band 8 UL filter. Even if the UL filter attenuation about 20dB and IMD9 another 12dB below, this would still result into >10dB MSD.
With the above calculations, it is clear that even with restricted frequency range, the CA MSD will be high even in a single UL configuration. The only possible improvement is the use of a dedicated narrower band 8 UL filter which would use the 24MHz gap between the two restricted ranges and the 11MHZ gap to the n5 DL band, to provide 30-40dB of attenuation of n8 IMD related UL noise.
In order to accommodate this, a modified 3 antenna architecture can be further studied:
· Antenna 1: n5 duplexer or n8 duplexer, 
· Support n5 and n8 main antenna normal operation
· Supports n5 main in CA_n5-n8 operation
· Antenna 2: n5 DL and n8 DL duplexer for diversity antenna normal operation. Also enabling CA_n5-n8 in DL
· Antenna 3: modified n8 duplexer with restricted UL BW and full DL bandwidth.

There are possible optimizations but essentially it duplicates the n8 duplexer which, on top of the burden of a third antenna is not preferred by UE vendors.

There could be other solutions with restricted UL allocations in n8 that would increase the IMD order interfering with n5 DL where only the upper 25 RBs are used for 10MHz channel bandwidth but this limits the flexibility on the BS scheduler that is often not desired by operators and network vendors.

Proposal on alternative approaches: 
· Architectures with a n8 UL filter with restricted bandwidth should be studied to prevent high MSD for band n5
· Alternatively, CA_n5-n8 only uses n5 as UL
· Alternatively, CA_n5-n8 only use a restricted set of UL allocations in n8
Dual UL with restricted frequency range
With the agreed n5 and n8 frequency ranges, the IMDs from n5 and n8 Uls fall above band n8 DL, thus the main issue is the simultaneous n8 UL with n5 DL.

Proposal on dual UL: With the 3rd antenna allowing to transmit n5 and n8 on separate antennas and using the n5 and n8 restricted range, there is no issue with dual transmission nor 2UL IMDs. No MSD due to IMD is needed but there should still be a dual UL MSD test point with NA for MSD and a note clarifying the applicable frequency ranges.
Conclusions
In this contribution, we further study the de-sense issues for CA_n5-n8 with agreed frequency ranges restrictions and formulate the following proposals.

Proposal: 
· Even if a 3rd antenna is added to accommodate CA_n5-n8, in single band operation or other CA/DC cases, the Architecture should enable the use of only the two best antennas and n5/n8 UL use of the main antenna.
· For the 3rd antenna it should be clarified whether or not this is a dedicated low band antenna or a borrowed antenna used for higher frequency bands.

Proposal on alternative approaches: 
· Architectures with a n8 UL filter with restricted bandwidth should be studied to prevent high MSD for band n5
· Alternatively, CA_n5-n8 only uses n5 as UL
· Alternatively, CA_n5-n8 only use a restricted set of UL allocations in n8

Proposal on dual UL: With the 3rd antenna allowing to transmit n5 and n8 on separate antennas and using the n5 and n8 restricted range, there is no issue with dual transmission nor 2UL IMDs. No MSD due to IMD is needed but there should still be a dual UL MSD test point with NA for MSD and a note clarifying the applicable frequency ranges.
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