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1. Introduction

RANP #89e meeting approved the WI for NR FR1 RF enhancement in Rel-17 [1]. Three objectives are included in the WI.

	· 1) Enable UL MIMO configuration for SUL band configurations

· 2) Specify UE requirements to enable Tx switching between different cases across carriers based on SUL and NR inter-band uplink CA for UE supporting maximum two concurrent transmissions
· 3) HPUE for TDD intra-band contiguous and non-contiguous UL CA


Objective 2) has potential impact on RRM. In the latest updated WID in [2], Uplink Tx switching has been extended to the following scenarios in Rel-17 FR1 RF requirements enhancement WI.
· 2Tx-2Tx switching between two uplink carriers for SUL and UL CA
· 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA
This is the first meeting to formally discuss the WI in RRM session. This paper provides work plan and general discussion on the potential RRM impact.
2. Work plan

According to the WID [1], the core part of RRM shall be finalized by March 2022 (RAN #95), the performance part of RRM shall be finalized by September 2022 (RAN #97).  The work plan is proposed as blow.
 RAN4#99-e
· Discuss and approve the work plan for RRM part.
· Discuss and identify which RRM requirements need to be specified for

· 2Tx-2Tx switching between two uplink carriers for SUL and UL CA

· 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA
RAN4#100-e

· Discuss the identified RRM requirements on

· 2Tx-2Tx switching between two uplink carriers for SUL and UL CA

· 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA
RAN4#100-e-Bis 

· Continue to discuss the identified RRM requirements on

· 2Tx-2Tx switching between two uplink carriers for SUL and UL CA

· 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA
· Provide draft CR on TS38.133

RAN4#101-e

· Further discuss the RRM requirements on

· 2Tx-2Tx switching between two uplink carriers for SUL and UL CA

· 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA

· Provide and refine the draft CR

RAN4#102-e

· Approve the CR on TS38.133

RAN4#102-e-Bis (RRM performance part only)

· Discuss and decide test case lists and related parameters

RAN4#103-e (RRM performance part only)

•
Provide draft test cases for RRM
RAN4#104-e (RRM performance part only)

•
Approve test cases for RRM
3. RRM impact
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 [1].

R17 FR1 RF requirements enhancement WI focus on the two cases of uplink Tx switching.
· 2Tx-2Tx switching between two uplink carriers for SUL and UL CA
· 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA
In RAN4 #97e, RF session had reached conclusions on switching period, location and applicability of DL interruption for 2Tx-2Tx switching between two uplink carriers for SUL and UL CA [3].

	· Length of switching period
· Reuse Rel-16 values for UL CA and SUL, i.e., report {35us, 140 us, or 210us} per pair of UL bands per band combination, and apply the same set of values for switching between different cases in the WID

· Location of switching period

· Reuse Rel-16 agreement for UL CA and SUL, i.e., semi-statically configure the switching period on one of the two uplink carriers

· Applicability of DL interruption

· Reuse the Rel-16 agreement:

· For SUL+TDD and TDD+TDD CA with the same UL-DL pattern, DL interruption is not required.
· For the other duplex mode combinations, define different capabilities for UEs with and without DL interruption.

· UE capability is defined as per band per band combination for each band pair supporting UL Tx switching.


In RAN4 #97e and RAN4 #98e, RF session had reached the following agreements for 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA [3]:

	· Switching time mask related requirements

· For switching time mask related requirements for inter-band SUL and CA (including the length of switching period, location of switching period, transient period and uplink outage due to switching), the same agreements are applied for the scenarios with either one carrier or two contiguous aggregated carriers on band B
· For the location of switching period, it is semi-statically configured on one of the two uplink bands.
· Applicability of DL interruption

· The same agreements are applied for the scenarios with either one carrier or two contiguous aggregated carriers on band B

· For SUL+TDD and TDD+TDD CA with the same UL-DL pattern, DL interruption is not required.
· For the other duplex mode combinations, define different capabilities for UEs with and without DL interruption.

· UE capability is defined as per band per band combination for each band pair supporting UL Tx switching.




In R16 the DL interruption requirements are specified for dynamic switching between two uplink carriers in the following cases:

- In inter-band EN-DC scenario where E-UTRA UL carrier is capable of one transmit antenna connector and NR UL carrier is capable of two transmit antenna connectors (TS 38.133 section 8.2.1.2.14; TS36.133 section 7.32.2.12)
- In SA inter-band UL CA where NR uplink carrier 1 is capable of one transmit antenna connector and NR uplink carrier 2 is capable of two transmit antenna connectors (TS 38.133 section 8.2.2.2.10)
For R17 Tx switching enhancements, we also think only interruption requirements are needed to be specified. The following cases shall be considered:

· 2Tx-2Tx switching between two uplink carriers for SUL and UL CA
· 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA
Note: For SUL+TDD and TDD+TDD CA with the same UL-DL pattern, DL interruption is not required. For other duplex mode combination, whether DL interruption exists depends on DL capability.
Proposal 1: Only interruption requirements are needed to be specified for Rel-17 Tx switching enhancements. The following cases are needed to be considered:

· 2Tx-2Tx switching between two uplink carriers for SUL and UL CA
· 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA
Note: For SUL+TDD and TDD+TDD CA with the same UL-DL pattern, DL interruption is not required. For other duplex mode combination, whether DL interruption exists depends on DL capability.

As only SA SUL and SA CA are in the R17 WI scope, the DL interruption requirements for Rel-17 Tx switching enhancements are specified for SA only.
Proposal 2: DL interruption requirements for Rel-17 Tx switching enhancements are only specified for SA.
4. Conclusion
This contribution presents discussions on NR FR1 RF enhancement in Rel-17. Both work plan and general discussion on RRM impact are provided.
Proposal 1: Only interruption requirements are needed to be specified for Rel-17 Tx switching enhancements. The following cases are needed to be considered:

· 2Tx-2Tx switching between two uplink carriers for SUL and UL CA
· 1Tx-2Tx and 2Tx-2Tx switching between 1 carrier on band A and 2 contiguous aggregated carriers on band B for SUL and UL CA
Note: For SUL+TDD and TDD+TDD CA with the same UL-DL pattern, DL interruption is not required. For other duplex mode combination, whether DL interruption exists depends on DL capability.
Proposal 2: DL interruption requirements for Rel-17 Tx switching enhancements are only specified for SA.
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