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1	Introduction 

The desire for combining the narrowly and fragmentally allocated sub-1GHz spectrum to achieve higher data throughput has prompted a study item in RAN #96 meeting to identify the issues and investigate the solution to enable the support of band combinations made up of 700/800/900MHz for a smartphone, specifically for the three example band combinations, CA_n5-n8, CA_n5-n28, and CA_n8-n20-n28 [1]. Upon the completion of the study item, a succeeding new work item on “enhancement for 700/800/900MHz band combinations” was approved [2] in RAN #99 meeting where the objective is to specify UE RF requirements for the three studied CA band combinations based on the down-selected architecture options as documented during the study item phase [3]. In this contribution we provide our preliminary REFSENS degradation analysis for CA_n5-n8 with n8 UL transmitting while n5 DL receiving. And based on the outcome of the analysis, we conclude that it would be impracticable to operate n8 Tx and n5 Rx simultaneously due to the considerable REFSENS degradation and propose to introduce non-simultaneous Rx/Tx mode between n5 DL and n8 UL for this band combination if dual UL operation would be desired over single UL in n5 only.                                     
2 Discussion

The main issue for CA_n5-n8 is that there is substantial frequency overlap between n5 DL range and n8 UL range, as shown in Figure 2-1. As a result, there would be no feasible filter to isolate n5 DL and n8 UL. On the other hand, although the proponent of this CA combination had clarified that the operation frequency ranges of the combination are restricted to:
n5: UL 824 - 835 MHz; DL 869 - 880 MHz
n8: UL 904 - 915 MHz; DL 949 - 960 MHz
which avoids the overlap between n5 DL and n8 UL. However, such restriction cannot be used as the RF multiplexer implementation guideline as the filter design should accommodate the full-range operation when being operated as a single band for all the constituent bands. That being said, the UE RF requirements also shall not be specified based on the range restricted filter design.   
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Figure 2-1 CA_n5-n8 spectrum range

Proposal 1: The frequency range restriction of the combination shall not be used as the RF multiplexer implementation guideline as the filter design should accommodate the full-range operation when being operated as a single band for all the constituent bands.   

Proposal 2: For CA_n5-n8, the UE RF requirements shall not be specified based on the range restricted filter design.

On the UE architecture assumption, both 2 and 3 antenna implementations have been considered in [4]. Due to the frequency range overlap between n5 DL and n8 UL, the 2-antenna implementation would not be feasible to provide conductive aggregation and isolation for simultaneous Rx/Tx operation between n5 DL and n8 UL. The 3-antenna implementation on the other hand allows main Rx/Tx signals aggregation over the air. To recognize how much REFSENS degradation could be experienced by n5 DL caused by n8 UL transmssion simultaneously, we have conducted preliminary link budget analysis based on the 3-antenna implementation and the RF parameters as summarized in Table 2-1.

	n8 UL Fc
	910 MHz

	n5 DL Fc
	879 MHz

	n8 UL CBW
	10 MHz

	n5 DL CBW
	10 MHz

	n8 Tx power @ antenna port
	23 dBm

	n8 Tx ACLR3-ACLR4
	65 dBc

	n8 Tx filter rejection at n5 DL
	0 dB

	n5 Rx filter rejection at n8 UL
	13 dB

	Antenna isolation
	10 dB

	n5 Rx IIP2
	60 dBm



Table 2-1 RF parameters for n5 REFSENS degradation analysis
     
The calculated REFSENS degradation based on the above analysis was about 40 dB which is considerably high and would render the simultaneous Rx/Tx operation between n5 DL and n8 UL impracticable for the combination.  

Observation 1: For CA_n5-n8 with 3-antenna implementation, under simultaneous Rx/Tx between n5 DL and n8 UL, the n5 REFSENS degradation can be as high as 40 dB.

Based on the above observation, in our view the most sensible configuration to enable CA_n5-n8 dual UL operation is to allow only non-simultaneous Rx/Tx between n5 DL and n8 UL. With that the filter isolation between n5 DL and n8 UL would no longer be needed and a triplexer can be used to provide the semi-full-duplex carrier aggregation to a single antenna in the main path, as is shown in Figure 2-2. On the other hand, since the triplexer center band range is over 5% bandwidth ratio (band range divided by center frequency) and the frequency gap between center band and n8 DL is only 10 MHz which may pose design challenge on achieving acceptable filter isolation and insertion loss, the feasibility of a single triplexer for CA_n5-n8 needs to be studied.      

Observation 2: To enable CA_n5-n8 operation with 2-antenna implementation, semi-full-duplex operation with non-simultaneous Rx/Tx between n5 DL and n8 UL is required.

Proposal 3: RAN4 to postulate the semi-full-duplex operation with non-simultaneous Rx/Tx between n5 DL and n8 UL as the default operation mode for CA_n5-n8.

By allowing only non-simultaneous Rx/Tx between n5 DL and n8 UL, the combination would be free from any self-interference which can be realized based on the UL and DL carrier allocations. The proposed triplexer design needs to ensure sufficient isolation between each constituent band’s UL and DL such that REFSENS degradation would not be caused by Tx self-interference in single-band operation except by the additional insertion loss in triplexer design. 
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Figure 2-2 Possible CA_n5-n8 UE architecture and operation diagram for semi-full-duplex CA

Observation 3: By allowing only non-simultaneous Rx/Tx between n5 DL and n8 UL, the combination would be free from any self-interference.                  

Proposal 4: Use architecture in Figure 2-2 as CA_n5-n8 UE reference architecture to define UE RF requirements.

Proposal 5: The proposed triplexer in CA_n5-n8 UE reference architecture needs to ensure sufficient isolation between each constituent band’s UL and DL such that REFSENS degradation would not be caused by Tx self-interference in single-band operation except by the additional insertion loss.

3	Conclusion

In this contribution we provide our preliminary REFSENS degradation analysis for CA_n5-n8 with n8 UL transmitting while n5 DL receiving. And based on the outcome of the analysis, we conclude that it would be impracticable to operate n8 Tx and n5 Rx simultaneous due to the considerable REFSENS degradation and propose to introduce non-simultaneous Rx/Tx mode between n5 DL and n8 UL for this band combination if dual UL operation would be desired over single UL in n5 only.

Proposal 1: The frequency range restriction of the combination shall not be used as the RF multiplexer implementation guideline as the filter design should accommodate the full-range operation when being operated as a single band for all the constituent bands.

Proposal 2: For CA_n5-n8, the UE RF requirements shall not be specified based on the range restricted filter design.

Observation 1: For CA_n5-n8 with 3-antenna implementation, under simultaneous Rx/Tx between n5 DL and n8 UL, the n5 REFSENS degradation can be as high as 40 dB.

Observation 2: To enable CA_n5-n8 operation with 2-antenna implementation, semi-full-duplex operation with non-simultaneous Rx/Tx between n5 DL and n8 UL is required.

Proposal 3: RAN4 to postulate the semi-full-duplex operation with non-simultaneous Rx/Tx between n5 DL and n8 UL as the default operation mode for CA_n5-n8.

Observation 3: By allowing only non-simultaneous Rx/Tx between n5 DL and n8 UL, the combination would be free from any self-interference.

Proposal 4: Use architecture in Figure 2-2 as CA_n5-n8 UE reference architecture to define UE RF requirements.

Proposal 5: The proposed triplexer in CA_n5-n8 UE reference architecture needs to ensure sufficient isolation between each constituent band’s UL and DL such that REFSENS degradation would not be caused by Tx self-interference in single-band operation except by the additional insertion loss.
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