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1. Introduction

A work item [1] was proposed at RAN #66 to define 3DL carrier aggregation between Band 7, Band 20, and Band 38, but was not agreed.  The proposal was modified for clarification in [2].  This contribution provides perspectives on UE feasibility for such a carrier aggregation combination, if it were to be agreed.

2. Discussion

The proposal to aggregated carriers in Bands 7, 20, and 38 has not been agreed due to technical concerns regarding the feasibility of such a combination.  The concern originates from the proposed aggregation of carriers in Band 7 and Band 38.  These two bands are immediately adjacent to one another without any guard band giving rise to uplink/downlink interference.  In fact, the coexistence between separate UE's operating in each band has been studied extensively with the conclusion that the UE is only able to provide limited protection to an adjacent device and a warning

NOTE 26: For these adjacent bands, the emission limit could imply risk of harmful interference to UE(s) operating in the protected operating band.

What is being proposed in [1] and [2] is much more severe than the UE coexistence problem studied above where protection could not be assured.  For UE coexistence, there is an assumption of 40 dB path loss separation between the devices.  What is being proposed in [1] and [2] is operating the two bands simultaneously within the same device!  The problem is orders of magnitude more challenging.  Given that no filtering suppression can be obtained from these two bands and the large dynamic range between transmit and receive signals, it is not technically feasible to support carrier aggregation between these two adjacent bands.  The interference generated from a transmitting carrier in one band would obliterate the receiver in the other band.

Observation 1:  It is not technical feasible to support carrier aggregation with simultaneous uplink and downlink between adjacent Band 7 and Band 38.

Recognizing this limitation, it is obvious that the proposed CA_7A-20A-38A carrier aggregation cannot be realized in the most general sense.  We then consider what other limitations might have to be imposed to be able to benefit from some utilization of the spectrum assets in these bands by carrier aggregation.  It has already been recognized in [2] that limiting PCell to Band 20 for the 3DL/1UL combination implies that uplink operation can only occur on the carrier in Band 20.  Therefore, the carriers on Band 7 and Band 38 when operating in this CA configuration are only used for downlink and the interference from one to the other can be avoided.  We see this as the most viable solution to carrier aggregation in these bands.  Thus, while [2] proposes to study this scenario with priority, we do not believe it is beneficial to consider the other alternative of PCell in Band 7 or Band 38 even with lower priority.
Observation 2:  It is necessary to limit uplink and PCell to Band 20 so that carriers in Band 7 and Band 38 are operating downlink only in this CA configuration.

Of course, limiting Band 7 and Band 38 to downlink only is an inefficient use of the resource.  The uplink band of Band 7 would be unused as would be the transmit slots in the TDD configuration for Band 38 in the CA configuration.  Naturally, the uplink band and uplink slots can be used by other devices in the cell operating in single carrier in either of those bands, but the coexistence warning (NOTE 26 above) on the risk of harmful interference should be remembered.

However, even with limiting Band 7 and Band 38 to downlink only, there are still obstacles to be faced.  Because there is no frequency separation between these two bands, it is not possible to diplex or quadplex the two bands to a common antenna port in the UE front-end.  A few possibilities exist to work around this problem.  One possibility is to pass both of these bands through a single filter.  The two carriers could then be treated as effectively two non-contiguous intra-band carriers.  The filter would have to be switched between single carrier and CA operation for example when one of the carriers is activated or deactivated.  Therefore, having a single filter covering both bands implies additional hardware complexity at the UE.  One potential for reducing the incremental cost is to reuse the Band 41 filter if the device already supports Band 41 since Band 41 is a superset of Band 7 and Band 38.  Having a single filter for Band 7 and Band 38 does impact the specifications and expected performance, however.  For example, the insertion loss of the filter is expected to be larger for the wideband filter; this was observed when Band 41 specifications were derived.  Also, out-of-band blocking would now be with respect to this wider filter rather than to the upper and lower band definitions for Band 7 and Band 38.  Lastly, since the band combination now acts as an effective non-contiguous intra-band combination, there may be limitations to power mismatches between the two carriers.  The most successful deployment would be one where Band 7 and Band 38 can be co-located so that the received power levels are approximately the same across the two carriers as they are received at the UE.  
Another possibility is to separate the two carriers onto separate antennas, if the UE form factor can support multiple antennas.  This may alleviate some of the disadvantages described above of passing the two bands through a single wideband filter.  However, in addition to the space and routing constraints of populating another antenna on the device, there may be concerns on whether sufficient isolation can be attained and whether the antennas might interfere with one another due to close proximity in space and in frequency range.
Observation 3:  Additional challenges exist in combining Band 7 and Band 38 in the UE.  Potential solutions exist, but with the need for possible specification relaxations and restrictions to some deployment options.
3. Conclusion
In this contribution, we have provided perspectives on the technical feasibility of aggregating CA_7A-20A-38A.  In the most general sense, aggregating carriers in these three bands is not possible.  With appropriate limitations and specification relaxations, however, it may be possible to use this CA configuration in a more specialized manner.
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