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1. Introduction

An e-mail thread of [RAN93e-R18Prep-17] discussed potential RAN4 enhancements, where potential UE RF topics were discussed as one of RAN4 areas. This contribution discusses specifically our views on what FR2 leftover should include as well as shares our views on some of the UE RF areas for FR1/FR2 captured in [1].
2. Discussion
2.1 FR2
2.1.1 Leftover

UE beam correspondence functionality for RRC_ACTIVE, RRC_INACTIVE and initial access in IDLE is specified in the RAN1 and RAN2 specifications already in Release 15. However, due to heavy RAN4 workload the FR2 UE requirement specification TS38.101-2 is still lagging some important UE beam correspondence requirements in RRC_ACTIVE and IDLE state. RAN1’s LS to RAN4 in [2] has also indicated the importance of UE beam correspondence requirements for Small Data Transmission in RRC_INACTIVE state. Rel-15 RRC_INACTIVE and Rel-17 small data transmission (SDT) have a large potential in UE power efficiency, latency and signalling overhead reduction. RRC_INACTIVE allows for reduced latency and UE power saving, while SDT further enhances this for small data sessions. Considering that UE power savings are especially important for successful FR2 operations and good end-user experience, it would be important that the networks could efficiently utilize RRC_INACTIVE and Small Data Transmissions for FR2 as well. However, without well performing UE beam correspondence support wide usage of RRC_INACTIVE and Small Data Transmission may not be feasible in practical FR2 deployments. Furthermore, in RRC_INACTIVE UEs are performing cell reselection autonomously and UE measurement requirements and procedures are not specified in as detailed manner as in RRC_CONNECTED. Therefore, there is risk that RACH performance and RACH UL coverage would not be sufficiently good for SDT purposes in FR2 deployments if no UE beam correspondence requirements are specified for RRC_INACTIVE state. To enable efficient use of RRC_INACTIVE and Small Data Transmission in FR2 deployments to save UE power with reasonable latencies we see it important to develop FR2 UE beam correspondence requirements for RRC_INACTIVE in Rel-18 as also requested by RAN1 during Rel-17 discussions.
Proposal 1: Specify FR2 UE beam correspondence requirements for RRC_INACTIVE and initial access, which are still missing from TS38.101-2 in Rel-18

Example of objectives:
· Specify UE beam correspondence requirements for initial access and RRC_INACTIVE state [RAN4 RF]  
· SSB-based without UL beam sweeping
· For RRC_ACTIVE at least requirements for Random Access SDT and Configured Grant SDT 
· For initial access, verification of beam correspondence requirements based on msg1 spherical coverage (at least)
2.1.2 OTA testing enhancement
We believe that this is one of the important areas that RAN4 needs to address in Rel-18, since some of the important and essential performance requirements have not been specified due to lack of testability. On the other hand, the testing enhancement may take time to complete it. Hence, objectives to be discussed in this enhancement shall be carefully selected and they should be tied with performance requirements to be specified once the corresponding text methods are established.
Hence, when the SI or WI for the OTA testing enhancement is approved, the entire work plan capturing which performance requirements will be specified after the completion shall be clarified together. 

Proposal 2: When SI or WI is approved, the overall work plan capturing which performance requirements will be specified after the completion shall be clarified together.
2.2 FR1
2.2.1 "Low MSD" and "Lifting the restriction on MOP imposed by PC"
Our views on these topics are summarized in [3].
2.2.2 8Rx, 4Tx and SRS Tx antenna switching up to 8
8Rx is one of the areas, which has clear and many operators’ supports. We also support specifying performance requirements for 8Rx. In order to proceed with this area, it is essential to clarify how to handle SRS Tx antenna switching(SRS Tx Ant SW) up to 8 antennas in Rel-17 FeMIMO, 8Rx and 4Tx performance requirements. We also may need to consider how to handle TxD as well. Note that here 8Rx and 4Tx are assumed to be used for a single band usage. 

In fact, there was an opinion in Rel-17 FeMIMO that since there is no 8Rx performance, RAN4 should postpone specifying performance requirements for SRS Tx Ant SW up to 8 in FeMIMO. If this was the case, another WI would have to take care of the performance requirements for SRS Tx Ant SW. The opposite, i.e., Rel-17 FeMIMO takes care of 8Rx, would be challenging since it may not be practical to complete specifically all the demodulation performance requirements for 8Rx as well as Rel-17 FeMIMIO simultaneously in Rel-17. Or another alternative may be a hybrid approach that Rel-17 FeMIMO UE RF specifies SRS Tx Ant SW as well as 8Rx UE RF requirements, although this would not be an appropriate in terms of 3GPP procedure. 
However, since RAN1 agreed that “For aperiodic xTyR antenna switching SRS, where xTyR is from {1T6R, 1T8R, 2T6R, 2T8R, 4T8R}, support all the non-zero integer values N<=N_max except N=1 for 1T8R”, to complete Rel-17 FeMIMO, performance requirements for up to 4T8R must be addressed while RAN4 has not had any requirements for 4Tx. In addition, RAN4 may need to consider very controversial TxD requirements as well. 
Hence, a coordination between these three topics(or four including TxD) should be considered from the beginning. Whichever way we choose, one of the aspects which should be clarified is requirements for all the three (or four) are targeted at CPE devices for FWA usage, since 8Rx or 4Tx WI targets at CPE devices. Having only one unified target of CPE is very important to proceed with the discussion in an efficient way. 
Proposal 3: Handling of the coordination between SRS Tx Ant SW in Rel-17 FeMIMO, 8Rx and 4Tx (and TxD) must be clarified, where in order to proceed with the discussion in an efficient way, one unified use case, i.e., CPE for FWA across the three areas should be taken.
2.2.3 Small A-MPR

The idea is very similar to so-called “low MSD”. As lower MSD is beneficial for network, smaller A-MPR must be also beneficial. In addition, if there is a UE to always have smaller A-MPR than that specified one, the information on smaller A-MPR may be even easier to optimize frequency domain resources compared to low MSD, which is subject to a condition of transmission power level and received signal power level within the same UE while A-MPR is not affected by the DL condition. Currently, the amount of A-MPR is sometimes more than 10 dB. And the situation has become worse since NR can use even wider channel bandwidth so that even lower order IMDs may fall into victim systems so that accordingly even larger A-MPR is specified. 

As is widely known, A-MPR values are significantly different according to the number of RBs and/or the position of the RBs in some cases. Note that they change also according to modulations and wave forms. Hence, there is a band with larger A-MPR in most of the cases, the network may schedule its frequency domain resources in a conservative way even if the actual A-MPR is even smaller. This is a very unfortunate situation since even if wider channel bandwidth is deployed, because of larger A-MPR, the capacity may not be fully utilized. 
Yet another way is for network indirectly to obtain the information on A-MPR values. For instance, currently UE can indicate where the DC location is placed for “BWPs” while A-MPR requirements have been specified under the assumption that the DC location is always placed at the centre of a “UE channel bandwidth” as the worst case as shown in the bottom picture in Figure 2.2.3-1. Hence, if there is a UE that shifts its DC location to the centre of the BWP of 15 MHz as shown in the top figure in Figure 2.2.3-1, the A-MPR must be equivalent to the A-MPR values for 15 MHz channel bandwidth specified for the same band, though some detailed conditions need to be considered. Hence, if UEs can follow RAN4 simulation/measurement assumptions to derive A-MPR, it may be possible to obtain more suitable A-MPR values using existing A-MPR tables. For example, if 2*max(distance between the lower edge of the BWP and DC, distance between the upper edge of the BWP and DC) e.g., 12 MHz, is smaller than one of the UE channel bandwidths for a band, A-MPR for 15 MHz can be used. Note that we don’t have intention to re-evaluate existing A-MPR values. However, if the UEs surely follow it or not should be clearly indicated. 
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Figure 2.2.3-1: Relation between DC location and IMD

2.2.4 Simultaneous Rx/Tx for Intra-band non-contiguous CA/DC in TDD band
The proposal came from [4] and a corresponding slide in [4] is excerpted as below. 
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— In current specification, a simultaneous Rx/Tx capability is defined to enhance
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— InRel-17 SL enhancement WI, RAN4 is discussing on the simultaneous Rx/Tx
operation for con-current operation of Uu and PC5 in n79 which is intra-band non-
contiguous CA-like operation with frequency separation.

— It needs to define the simultaneous Rx/Tx capability to enhance the spectrum
efficiency in intra-band non-contiguous CA/DC.

* Objective
— Define a simultaneous Rx/Tx capability and related RF requirement in intra-band
non-contiguous CA/DC




Assuming that all the three operators’ networks are synchronized and use the same UL and DL TDD configuration, if operator A obtains any portion of candidate spectrum of 300 MHz, e.g., adjacent block of the operator C, if the operator A uses different UL and DL TDD configuration between their own spectrum blocks within the band and if simultaneous Rx/Tx capability is used by UEs, following situations are expected. Note that the followings are some of the expected situations.
Operator A’s UE has to have an ability to transmit signal in one block and receive signal in the other block. The transmit signal behaves as a strong block or interference to provide leakage noise over the received signal channel from the received signal perspective within the same UE. And the top RF front end filter does not provide any isolation between them. Hence, it is expected that the power of the transmit signal shall be significantly reduced. The output power may be negative dBm to correctly decode the received signal. Note that according to ACS requirement, even if 30 dB power difference causes some degradation. 
When operator A UE is receiving a signal from a new spectrum block adjacent to operator C, the UE will experience an interference from the Tx interference from the existing operator A block within the same UE as mentioned the above as well as an interference from operator C gNB. Since there is a demand to use intra-band non-colocated deployment scenario in this band, it is likely that there are cases operator C and A are non-colocated. In this case, the operator A UE may experience a strong interference from operator C or vice versa.

Overall, deployment flexibility may increase thanks to simultaneous Rx/Tx capability while significant performance degradation is expected as well. In addition, the impact is not only on the one operator who wants to use this capability but also on all the other operators within the same band.

Observation 1: For simultaneous Rx/Tx for Intra-band non-contiguous CA/DC in TDD band, it is not likely that the same isolation assumed for inter band CA/DC inside the same UE is expected so that significant relaxation is expected if RAN4 assumes conventional UE RF architecture assumption. And not only one operator but also the other operators within the same band are subject to interference issues more or less. 

Proposal 4: It is beneficial for the proponents to share the whole picture of deployment scenarios as well as the detailed technical analysis on how the scenario works. 
3. Conclusion
This contribution discussed some of the potential UE RF enhancement aspects and we obtained one observation and four proposals as follows.

Proposal 1: Specify FR2 UE beam correspondence requirements for RRC_INACTIVE and initial access, which are still missing from TS38.101-2 in Rel-18

Example of objectives:
· Specify UE beam correspondence requirements for initial access and RRC_INACTIVE state [RAN4 RF]  
· SSB-based without UL beam sweeping
· For RRC_ACTIVE at least requirements for Random Access SDT and Configured Grant SDT 
· For initial access, verification of beam correspondence requirements based on msg1 spherical coverage (at least)
Proposal 2: When SI or WI is approved, the overall work plan capturing which performance requirements will be specified after the completion shall be clarified together.
Proposal 3: Handling of the coordination between SRS Tx Ant SW in Rel-17 FeMIMO, 8Rx and 4Tx (and TxD) must be clarified, where in order to proceed with the discussion in an efficient way, one unified use case, i.e., CPE for FWA across the three areas should be taken.

Observation 1: For simultaneous Rx/Tx for Intra-band non-contiguous CA/DC in TDD band, it is not likely that the same isolation assumed for inter band CA/DC inside the same UE is expected so that significant relaxation is expected if RAN4 assumes conventional UE RF architecture assumption. And not only one operator but also the other operators within the same band are subject to interference issues more or less. 

Proposal 4: It is beneficial for the proponents to share the whole picture of deployment scenarios as well as the detailed technical analysis on how the scenario works. 
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