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Introduction
Considerations on UL CA_n66A-n70A are provided in this contribution.
Considerations
Carrier aggregation between bands 66 and 70 is somewhat unique combination in 3GPP because of the frequency arrangements. Band 70 UL is adjacent to band 66 UL with no gap, and band 70 DL is adjacent to band 25 DL with no gap. Starting from specifying the DL CA_66A-n70A for LTE >5 years ago, a lot of effort and work has been carried our within the industry to include the combination in the mobile ecosystem. A logical implementation is “Extended 25+66” multiplexing, where the band 66 UL passband is extended to include band 70 UL and where band 25 DL is extended to include band 70 DL, shown in Figure 1.
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Figure 1 Illustration of Extended 25+66 MPX

Notably, as the n70 UL-n66 UL is common, there is only one PA/Transceiver TX path and hence only n70 UL or n66 UL is active at a time. 
When UL CA_n66A-n70A is considered, an obvious question is what kind of architecture is required. Using the above MPX alone is not feasible as single PA/Transceiver TX path cannot be used for both n70 and n66 UL’s. Instead, another PA and n66/n70 DPX or MPX is needed which is to be connected into different antenna.
Observation 1: Single TX antenna is not sufficient for UL CA_n66A-n70A 
Next, we look topics caused by the common UL path. The following three aspects are considered in this contribution. 
1) [bookmark: _Hlk146616611]Need for power back-off to meet generic emission limits
2) Potential MSD to n70/n66 DL
3) GNSS functionality
There may be also other aspects such as ACLR which are not included yet in considerations, at least in case when there is no gap between n70 UL CC and n66 UL CC.
[image: ]
Figure 2 Illustration of PA cross-coupling due to common n66-n70 UL passband

In the Figure 2 above, a simple illustration of PA coupling is shown. In this case, there is only antenna isolation and the TX path IL attenuating the aggressor power and thus the Reverse IMD’s (RIMD) generated at each PA’s output. The difference to UL CA with non-adjacent UL bands is that in this case the TX filter does not attenuate the aggressor coupling via antenna isolation, while e.g. in n1+n3 UL CA n1 TX attenuates n3 TX and n3TX attenuates n1 TX. Because of no attenuation, the RIMD-component at PA output is much larger.
Main point of discussion are IMD3 and IMD5.
This is in essence same phenomenon as seen in Intra-band non-contiguous UL CA (case when there is a gap between n70 UL and n66 UL) or in Intra-band contiguous UL CA with non-contiguous UL RB’s. For instance, in non-contiguous UL CA, Substantial amount of MPR (9…15dB/4…9dB) is warranted to meet -30dBm/1MHz and -13dBm/1MHz, respectively. 
For Intra-band non-contiguous UL CA, RF filter attenuation was not assumed. For UL CA_n66A-n70A, depending on the exact RFFE implementation n66 TX, n70 TX or common n66/n70 TX path offers attenuation starting from certain offset from the filter passband edge, but not immediately outside the edge. 
Need for power back-off to meet generic emission limits
The amount of required power back-off depends a lot on assumed RF filter characteristics as well as on the exact positions of CC’s within n70 and n66 UL. When CC’s are far apart, the resulting IMD is far enough from TX passband edge so then filter helps. When CC’s are close to each other, the resulting IMD is relatively close so filter cannot help then.
There is no power back-off specified for Inter-band UL CA in 3GPP. It would even in best case require several meetings to complete the work as we would need to start from the beginning. Also, it would need to be back combination specific instead of being generic.
Observation 2: Band combination specific power backoff to meet general emission limit -30dBm/1MHz and -13dBm/1MHz is needed, which would require significant amount of analysis in 3GPP 
Potential MSD to n70/n66 DL
Another aspect to look into are IMD’s landing on top of own DL potentially causing MSD. We note that IMD7 lands on top of n70 DL and IMD9 lands on top lower part of n66 DL while IMD11 lands on top of n66DL. Here again the IMD generation mechanism is the same as described above for -30dBm/1MHz limit. IMD7/IMD9/IMD11 are naturally smaller than IMD3/5, but even with 50dB RX isolation they may cause some MSD for own DL band, at least in the case of IMD7. We note that specifying smallish MSD is not unusual and is not as such impacting feasibility.
Observation 3: MSD to n70 may be needed due to IMD7 and MSD may be needed to n66 due to IMD9/IMD11
GNSS functionality impacts
Third point to look into is functionality of GNSS when UL CA_n66A-n70A is used. 3GPP may not specify any specific GNSS protection requirements for this case, but in practice everyone pays a lot of attention to cellular-GNSS co-existence.  
IMD5 of n66 UL and n70 UL is landing on top of GNSS frequencies. Even the n66-n70 UL TX RF filter is attenuating IMD5, still the GNSS functionality may be impaired in UL CA_n66A-n70A compared to DL CA_n66A-n70A if the IMD5 power level at PA output exceeds the RX band noise level at PA output.
Observation 4: Due to RIMD5 in UL CA_n66A-n70A, the GNSS functionality may be impacted
In conclusion, there are quite a few aspects requiring thorough considerations RAN4. Before rushing to the work, the group should discuss if UL CA for this unusual combination is beneficial or not. 
Proposal 1: RAN4 to discuss at least the following aspects and agree if UL CA for this combination is feasible.
· Power back-off to meet generic emission limits
· GNSS functionality impacts 
· Potential MSD to n70/n66 DL

Conclusion
First considerations on n66-n70 UL CA were provided.
Observation 1: Single TX antenna is not sufficient for UL CA_n66A-n70A 
Observation 2: Band combination specific power backoff to meet general emission limit -30dBm/1MHz and -13dBm/1MHz is needed, which would require significant amount of analysis in 3GPP 
Observation 3: MSD to n70 may be needed due to IMD7 and MSD may be needed to n66 due to IMD9/IMD11
Observation 4: Due to RIMD5 in UL CA_n66A-n70A, the GNSS functionality may be impacted
Proposal 1: RAN4 to discuss at least the following aspects (not limited to) and agree if UL CA for this combination is feasible.
· Power back-off to meet generic emission limits
· GNSS functionality impacts 
· Potential MSD to n70/n66 DL
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