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1   Introduction
In this paper, we would like to share our view on organizing Rel-17 RAN4-led work item for FR1 RF enhancement and highlight some outstanding topics for collecting companies view.

2   Motivation for new FR1 RF enhancement work item
For Rel-17 RAN4 work especially non-spectrum related work, there would be two parts: Rel-16 leftover issues from separate work items and Rel-17 new proposals. Although Rel-16 targeting date is approaching, there are still a number remaining issues from different Rel-16 work items. Some of them could be moved to Rel-17 RAN4-led work item(s), while the others may be moved to the follow-up enhancement WIDs for a certain feature.
In our view, instead of approving many individual RAN4 work items, we can consider following the similar approach used at the beginning of Rel-16. In Rel-16 we have a number of umbrella work items, including FR1 RF requirement enhancement work item, under which the Rel-15 leftover topics as well as the new proposals are covered. Because most of leftover topics are RAN4 centric with less or even without impact on the other WGs, it would be feasible to aggregate the similar topics under one work item. 
This approach would be beneficial to reduce the management work in RAN plenary and RAN4, facilitate organizing and following online/offline discussion of the similar topics, and reduce the maintenance work. The drawback of this approach is that different topics are on the same track and should be completed as a package.
3   Objectives for FR1 RF enhancement

As mentioned above, this work item would include two parts: Rel-17 new topics for RF requirement enhancement and Rel-16 FR1 leftover topics.

Regarding Rel-17 new topics, we would like to consider the further enhancement of Tx switching between carriers with UL-MIMO supported on carrier(s), support of the 26dBm high power UE for intra-band contiguous UL CA, and further enhancing the generic 2Tx RF requirements. 

In Rel-16 the mechanism and RAN4 requirements are specified for Tx switching between case 1 and case 2. The motivation is to select the better uplink carrier and better transmission mode in a given slot for transmission assuming that there are only two con-current transmitters. In Rel-16 it is assumed that only one transmitter can be supported on one carrier and two transmitters can be supported on the other carrier. But recently two transmitters are enabled for more NR bands. Thus it would be possible for UE to support two transmitter on both carriers. In this case, the Tx switching would be conducted between two carriers which are both capable of 2Tx transmissions. The uplink throughput could be further improved. In the meanwhile, UL-MIMO requirements for interested SUL/TDD/FDD bands are to be further specified to enable UE 2Tx transmissions on both carriers when configured switching with SUL or UL-CA band combinations. To have a clear concept of possible UE RF implementation to enable UL Tx switching between 2Tx carriers, the below figure shows an typical example of UE architecture.
[image: image1.png]Transceiver ’ ‘ Transceiver ’ ‘ Transceiver ’ ‘ Transceiver
2.3G 4.9G 2.3G 4.9G

Switching
RF

Switching
RF

PLLO
(o) Lawwse] (5

MODEM ’





Figure 1 Reference UE architecture for UL Tx switch between 2Tx carriers
In the current RAN2 and RAN4 specs, there are still restrictions that the network is not supposed to configure UL-MIMO for UE operating in SUL bands. Lifting such restrictions seems important since it serves as a prerequisite to 2Tx-2Tx switching. According to the FR1 area discussion, it seems to be preferred by the group that the objective of lifting the restriction for UL-MIMO on SUL bands should be kept in the FR1 WID (with defining requirements for an example SUL band) while defining UL-MIMO requirements for other SUL/FDD/TDD bands (by operators’ requests) follows a band-by-band approach. A new basket WID seems to be the best way.
The second topic is to support 26dBm high power UE for intra-band contiguous UL CA. The motivation is quite straightforward. But more study would be needed. Because the much wider channel bandwidth for NR is supported compared to LTE. It would be non-trivial to investigate the UE architecture, e.g., 23dBm+23dBm PA,26dBm PA, to support high power as well as the large aggregated channel bandwidth. And the supported channel bandwidth for PA also needs be studied. If the supported channel bandwidth of a single PA is less than the available channel bandwidth, then some tradeoff among the supported channel bandwidth, supported antenna ports per CC and achievable uplink power per CC should be considered. Based on the outcome of discussion on UE architecture, the RF requirements can be specified.

Regarding Rel-16 leftover topics, we identify some enhancement for 2Tx UE requirements based on the previous discussion in RAN4. Those topics need extensive discussions and cannot be finalized within one or two quarters/meetings, including RF requirement enhancement forUL-MIMO which needs test instrument development, which includes the study on power imbalance, EVM requirement, etc. For  2Tx intra-band EN-DC and UL CA band combinations, RAN4 specifies its MPR/AMPR requirement based on antenna isolation assumption which considers of RIMD effect. However, in the current GCF verification procedure, all MPR requirements are verified on the conducted reference plane which cannot capture the RIMD effect which is generated by radiated plane. So it is necessary to study on the measurement enhancement based on RAN4 assumption when evaluate MPR/AMPR requirement. In Rel-16, for PC3 intra-band contiguous UL CA, MPR is defined based on single PA architecture which considers forward intermodulation, we also think MPR requirement for dual PA architecture need to be improved in Rel-17. For intra-band non-contiguous UL CA, the MPR is defined based on dual PA architecture in Rel-16, it also requires for further definition for 1PA architecture considering UL MIMO requirement for intra-band non-contiguous CA.
In Rel-15 and Rel-16, DC location is indicated by RRC signaling which cannot be dynamically reported to the network. From UE implementation perspective, DC location is shifting dynamically by external factor, e.g. temperature. Once DC location is not correctly indicated to the network and gNB cannot puncture the RE which carries the LO leakage, it will cause the uplink performance degradation especially for high order modulation. In Rel-17, DC location indication mechanism can be enhanced to solve the problem.
Besides, we think more Rel-16 leftover issues could be added in this work item as the RF requirement enhancement after RAN4 August meeting in order to timely complete the essential Rel-16 RF core requirements. 
4   Conclusions
In this paper, we share our views on the scopes for WID on further enhancement of FR1 RF requirements in Rel-17. We would like to consider Rel-17 new proposals, including 2Tx-2Tx carrier switching and intra-band UL CA HPUE, as well as Rel-16 leftover topics. The accompanied draft WID is provided in the other paper.
