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1. Introduction

The work item for a interband carrier aggregation combination of Bands 4 and 13 has been approved [1].  In accordance with the work item description and in alignment with recommendations for prioritization provided in [2], we first define requirements for a single uplink carrier with two downlink carriers.  We furthermore suggest defining a preferred uplink band for which we will start to write the specifications.  In this contribution, we recommend selecting Band 4 as the preferred uplink band.

2. Discussion

The challenges associated with Band 13 uplink due to coexistence with public safety services in 700 MHz are well documented.  It is anticipated that additional challenges will arise when Band 13 is used in a carrier aggregation scenario.  In particular, due to the high linearity required in the Band 13 transceiver and PA, any further increase in output power (for example, to overcome additional insertion losses in the RF front end) may not be feasible.  Also, A-MPR up to 12dB has already been allocated for Band 13 when NS_07 is networked signaled.  In the case of non-contiguous allocations, the A-MPR may be even further increased.  Thus, the viability of Band 13 as the uplink band in an inter-band CA scenario may be diminished.  We therefore recommend that Band 4 be designated as the preferred uplink band for this band combination.
Of course, there are other considerations which should be addressed using Band 4 as the preferred uplink band. For the CA_4-13 combination, the carrier aggregation coverage area is bounded by the area for which the UE has downlink coverage on both bands and uplink coverage on the PCC.  Therefore, choosing a preferred band for uplink may have an impact on the overall CA coverage area.  Due to more favorable propogation characteristics at 700 MHz, for the same UE output power, the coverage area is larger for Band 13 uplink than it is for Band 4 uplink.  The free space path loss is related proportional to 20log10(f), where f is the carrier frequency.  Therefore, it can be anticipated that the propogation loss for a Band 13 UE transmitting at the same is expected to be 7 dB better than when transmitting on Band 4.  However, we also need to take into account that the UE may not be transmitting at the same power on Band 13 compared to Band 4.  As indicated above, when NS_07 is signaled on Band 13, the maximum output power may be reduced by as much as 12 dB.  Thus, in the case where the coverage area is limited by the uplink, the impact of choosing Band 4 as the preferred uplink band may have a positive or negative impact compared to Band 13 depending on whether NS_07 is signaled.
In the case where Band 13 has greater coverage area than Band 4, assuming the same UE transmit power over both cells, the uplink PCell designation may impact the UE behavior at the coverage boundary where the Band 4 uplink can no longer be maintained.  In this case when Band 4 is used as the PCell, as the UE moves outside of the uplink coverage area of Band 4, a PCell switch from Band 4 to Band 13 would be necessary to continue to provide carrier aggregation coverage.  Ultimately, when the UE moves away from both UL and DL coverage of Band 4, and SCell (Band 4) de-configuration would be necessary and the UE would drop down to single carrier Rel-8 mode of operation.  On the other hand, if Band 13 is used as the PCell, when the UE moves away from the Band 13 uplink coverage area, an SCell (Band 4) de-configuration would be necessary.  Comparing these two options, using Band 4 as the PCell may suffer from data interruption at the PCell switch.  This scenario has been analyzed and discussed extensively by RAN2 in the context of PCell switch optimization.  The conclusion reached in RAN2 is that optimization is not necessary since the existing PCell switch procedure is an intra-eNB high SNR handoff, for which the data interruption is short and the impact to system performance is marginal.  Thus, the selection of Band 4 as PCell does incur an additional PCell switch as the UE moves away from the coverage area in those cases where the uplink coverage of Band 4 is smaller than the uplink coverage of Band 13; however, the system impact of the resulting data loss is marginal.

3. Conclusion

In this contribution, we have considered the preferred uplink band for the inter-band CA combination of Band 4 and Band 13.  We recommend that Band 4 be designated as the preferred uplink band since in practice, the limitations of  Band 13 uplink in the UE may make it less feasible for actual deployment and operation in the carrier aggregation scenario.  Additional impact of using Band 4 as the preferred uplink (hence PCell) has been analyzed in terms of PCell switch and carrier aggregation coverage. It is concluded that the coverage impact is network-dependent and that PCell switch does not have significant impact on system performance. Given the high workload in RAN4, we feel that it may be prudent to first focus efforts on defining requirements for Band 4 as the preferred uplink band.
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