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1. Introduction
In RAN4#NRAH1801, EN DC 42A+n79 asynchronous operation was discussed and it was commented that potential issue could arise from the fact that band 42 could be supported in the UE within the n78 or n77 path. Based on this way forward [1] was agreed. This contribution discusses the potential issue and resulting MSD for different UE implementations.
2. Discussion
In order to have asynchronous operation between bands 42 and n79, a number of assumptions have been made that were not entirely obvious from the EN DC combination description as they would not necessarily be required in a synchronous operation:
1. B42 and n79 would use separate antennas

2. B42 and n79 would both use sharp filters to provide inter-band isolation within the 800MHz frequency gap.

In the next section we will discuss the fact that these assumptions may not always be valid.
2.1. UE Implementation Options for Band 42 Support
2.1.1.  Band 42 Stand Alone Support Within 3.5GHz Range

For a UE that would only implement B42 and n79, it would be indeed feasible to use filter providing in the order of 40dB rejection in the other band since there is a comfortable 800MHz gap. Further using separate antennas with 10dB isolation, a 50dB isolation can be achieved which would enable simultaneous DL/DL, UL/DL, DL/UL and UL/UL operation, thus, enabling asynchronous operation. The B42 filter with narrow bandwidth is fairly trivial, but the n79 filter is already more challenging as its bandwidth is significantly larger. Figure 1 provides plots of n79 filters extracted from previous contributions.
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Figure 1: n79 filter frequency response.
It can be seen that this filter provides 38dB attenuation at 3.8GHz and 40dB at 3.3GHz, thus achieving sufficient cross band isolation for band 42 and even entire band n78 provided extra 12dB isolation is available from separate antennas.

Note that this n79 filter barely provides 2.5dB of rejection at 4.2GHz, which is the top of n77 but also has no isolation to the entire 5GHz WiFi band.
Observation 1: Stand-alone B42 asynchronous operation with n79 with separate antennas seems feasible from a filter point of view assuming performance is tailored to this case.
2.1.2. Band 42 Support Within n78 Path

As already seen in previous case, the n79 filter could offer enough isolation to both B42 and n78, thus it must be cross-checked what performance can be provided from an n78 filter, and this can be seen on Figure 2.
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Figure 2: n78 filter frequency response.

It can be seen that this filter now has strict requirements on both sides of the band, as at the bottom it has to provide sufficient attenuation (35dB assuming 15dB extra from triplexer) below 2.69GHz to enable any DC/CA combinations with n78, and attenuation in both n79 and 5GHz WiFi above 4.4GHz, already here it only achieves 30dB of isolation which allows to diplex the two bands but will already result in some MSD.

To quickly evaluate MSD in this case let’s assume:

· 10dB antenna isolation on top of the 30dB provided by n78 filter => 40dB isolation

· -130dBm/Hz n78 PA noise in n79 band => 170dBm/Hz noise at both main and diversity n79 antennas

· 12dB n79 noise figure => -162dBm/Hz noise floor referred at n79 antennas

· Composite noise of -170dBM/Hz + -162dBm/Hz = -161.4dBm => 0.6dB MSD
Caution should also be taken about the achievable filter performance across temperature and its reproducibility which could significantly impair the attenuation at 4.4GHz.
Observation 2: B42 support within n78 path asynchronous operation with n79 on separate antenna results in small MSD in n79 and no MSD in B42.

2.1.3. Band 42 Support Within n77 Path

We have already seen that an n79 filter cannot provide enough isolation for n77 but it could have enough rejection for the 3.4GHz to 3.6GHz part for B42. However, even with 10dB isolation provided by the antenna, it would be hard to properly diplex to n77 as the filter only provides 2.5dB of attenuation at 4.2GHz. For n77, two filter performances can be seen in Figure 3.
It can be seen that an n77 filter, even if it does provide enough attenuation to the 5GHz WiFi band, only has a few dB to 40dB of attenuation within n79. 

With the same assumption than in 2.1.2 within n79 a crude MSD estimation gives:
· Isolation of 15 to 50dB accounting for antenna isolation

· -145dBm/Hz to -170dBm/Hz

· MSD from 17dB to 0.6dB
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Figure 3: n77 Filters frequency responses.
Observation 3: B42 support within n77 path asynchronous operation with n79 on separate antenna results in significant MSD in n79 critical n77/n79 diplexing.

2.1.4. Likely UE Implementation of DC_42A_n79

A NR UE will have to carry all the complexity of the current LTE complexity and additionally support the new 3.5GHz and 4.5GHz ranges, most probably with advanced features such as 4x4 MIMO and 2x2 UL MIMO especially at the higher frequencies. Thus, it is essential that legacy 3.5GHz bands are absorbed within the 3.5GHz NR path and the hardware reused, be it n78 or n79. This is true for band 42 but also bands 43 and 48/49. At this stage the lowest bandwidth filter has to cover at least n78.
Regarding antenna architecture, if with 4x4 DL MIMO support 4 antennas are available, but with n77/78, n79 and 5GHz WiFi 2x2 MIMO support, it is impossible to guaranty that n79 DL antennas are not shared with B42 (within n78 or n77) UL antenna and thus n79 to suffer from MSD.

Observation 4: B42 stand-alone support is unlikely in NR UE as 3.5GHz NR hardware reuse is essential, also assuming separate antennas for n79 DL and B42 UL is too restrictive especially if higher order MIMO is supported in UL and DL for all links in 3.3GHz to 6GHz range.
2.2. Synchronization of n79
If it is understood that flexibility is highly reduced for the use of advanced NR frame configurations in n79 if it has to operate synchronously with Band 42, it is unclear if n79 can operate asynchronously with n77 given the very small frequency gap of 200MHz. CA combinations between n77 and n79 will also require synchronization.
Observation 5: Given the likelihood of synchronous operation between n77 and n79, and the fact that n77 is already required to be synchronous with band 42, it is unclear that asynchronous operation of B42 and n79 will materialize.

2.3. Options for DC_42A_n79

As discussed above, if DC_42A_n79 has a dedicated implementation, asynchronous operation seems achievable. However, when considering the whole set of constrains that a NR UE implementation will have to cope with, especially within the 3.3 to 6GHz range, then it is much less trivial. It is particularly difficult to guaranty that n79 RX is not de-sensed by band 42 TX noise especially when implemented with n77. In general, it seems that B42 RX can be protected enough from n79.

There are a few options that can be further studied:

1. DC_42A_n79 operates asynchronously, is only supported by a few UEs as they would not be optimum for a global implementation, and has low MSD.

2. DC_42A_n79 operates asynchronously, is only supported by UEs that only implement n78, and has low MSD.

3. DC_42A_n79 operates asynchronously, is supported by global UE and suffers MSD in n79.

4. DC_42A_n79 operates asynchronously, but simultaneous B42 UL and n79 DL is not allowed, and has no MSD.

5. DC_42A_n79 operates synchronously.

Given the criticality to close on the uncertainties of implementations for the UE, it seems that synchronous operation should be seriously considered.

Observation 6: At this stage given the implementation uncertainty, synchronous operation should be seriously considered.
3. Conclusion
This contribution provides a look into the UE implementation aspects of EN DC_42A_n79 asynchronous operation and related MSD issues. It provides a discussion on possible trade-offs for different cases, however, given the foreseen complexity of a NR UE and the uncertainty on the implementation, we want to formulate the following recommendation:
At this stage given the implementation uncertainty, synchronous operation for DC_42A_n79 should be seriously considered.

For completeness some different alternatives that were discussed could be further studied:

1. DC_42A_n79 operates asynchronously, is only supported by UEs that only implement n78, and has low MSD.

2. DC_42A_n79 operates asynchronously, is supported by global UE and suffers MSD in n79.

3. DC_42A_n79 operates asynchronously, but simultaneous B42 UL and n79 DL is not allowed, and has no MSD.
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