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1 Introduction

In RAN1#86 meeting, the following agreements on RRM measurement and mobility were achieved:
· For RRM measurement and mobility in NR, RAN1 needs to study DL and UL based measurements considering following RAN2 study
· RRC driven at ‘cell’ level

· Zero/Minimum RRC  involvement (e.g. at MAC /PHY) 

· FFS what is the definition of a cell

In RAN2#95bis meeting, the following agreements on UL RRM measurement and mobility were achieved:
· Concerning RRC driven UL-based connected mode mobility:
· For connected active state mobility, DL-based handover is supported, and UL based mobility can continue to be studied.
· For connected inactive state, DL-based reselection is supported, and UL-based mobility can also be studied
· Benefits of UL based mobility, compared to DL based mobility, should be studied with performance analysis.
· Concerning naming convention
· For the scope of the study we will refer to RRC_INACTIVE (for connected inactive state).

In [1], we addressed and further clarified the benefits of UL-based measurement and mobility performance in terms of power consumption and signaling overhead. In this contribution, we provide our understanding on the UL-based measurement mechanisms and mobility procedures for UE in both the RRC_INACTIVE and RRC_ACTIVE states.
2 Overall physical layer procedure for UL-based measurement
2.1 UE in RRC_INACTIVE state

For UE in RRC_INACTIVE state, UL reference signal (UL RS) can be used also for TRP selection/association and also to assist in network-controlled mobility. After initial access procedure, UE requests RRC connection to active state and enters system. Then network can proceed to configure the sending of UL RS as per network operations and needs. Thus, when the UE gets into RRC_INACTIVE state, it can transmit UL RS based on network configuration. TRPs within an NR Cell can measure the UL RS to perform a decision for TRP selection/association, UE position tracking and mobility. The overall physical layer procedure for UL-based measurement can be as depicted in Fig 1 below.

Fig 1. Overall physical layer procedure for UL-based measurement 
2.1.1 UL RS transmission
After initial access, the UE will be assigned its UE identity (e.g. NR C-RNTI). To facilitate UE cell center like operation and always-on connectivity, a UE dedicated identifier can be used as a unique identification for the UE across the coverage of the NR Cell i.e., a change of TRP will not necessarily imply a change of identifier.

In [2], we provide some preliminary design considerations of the UL RS that is based on the use of Zadoff-Chu (ZC) with good auto- and cross-correlation properties to allow the reuse of reference signal resources for transmission by different UEs, and still allow the ability to reliably detect and identify each UL RS at reception. To uniquely identify a UE within a NR Cell, the sequence design with different roots and cyclic shifts of the same root could be used for different UEs (e.g. based on UE dedicated identifier).  
To further reduce the energy consumption, this UL RS transmission can be narrowband [2, 3]. For multiple-beam deployments [1], beam sweep for the transmission of UL RS can be used depending on the reciprocity assumptions. Different UEs can also form different resource groups by TDM or FDM to avoid sequences collision of the same RS resource. 
The UL RS procedure should be configured by the network, allowing the network to control the UE UL RS and hence mitigate potential uplink interference issues. The allocated bandwidth, periodicity for the transmission of UL RS signal as well as minimum cyclic shift and roots can be configurable e.g. via RRC signaling based on UE type, channel variations, etc[4, 5].
Proposal 1: The UL RS transmission (e.g. allocated bandwidth, periodicity) should be configured by network for UE in RRC_INACTIVE state.
2.1.2 DL RS ACK message 
To further assist the UE to determine its coverage status, i.e. being connected to the RAN, after receiving the UL RS, the TRP can send DL RS ACK message to Ues, if necessary, during configured occasions. This informs the UE whether it is still reachable from the network. Note that it is configurable to send DL RS ACK message and does not have to be sent for every UL RS transmission, but often enough to allow the UE to understand the network and connection status. The UE will anyway have to read the DL notification at occasions for DL reachability, so from a power consumption perspective for RRC_INACTIVE UE there is no increase.
This DL RS ACK message for multiple UEs can be transmitted together based on UE dedicated identifier. The  DL RS ACK message may carry the following information:
· Acknowledgement for UL RS transmission: used for UE to identify the reception of UL RS for TRP selection/association purpose and it is reachable in the RRC_INACTIVE state;
· Beam info: used for multiple-beam case to let UE know which UL beam was being tracked at the TRP.
UE in RRC_INACTIVE state can monitor downlink during a time window, to decode the DL RS ACK message. The periodicity and the monitoring time window for the transmission of DL RS ACK message can be configurable e.g. via RRC signaling. The transmission of DL RS ACK message is shown in Fig. 2. 
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Fig. 2: Transmission of DL ACK for the UL RS  
Proposal 2: NR can configure to send DL RS ACK to ensure the reachability for UE in the RRC_INACTIVE state. 

2.2 UE in RRC_ACTIVE state
For a UE in RRC_ACTIVE state, UL reference signals can also be used for TRP selection and network-controlled mobility. In [2], we have provided design consideration for UL reference signal for active UE. The overall physical layer procedure for UL-based measurement is shown in Fig 3, which is similar to the procedure for UE in RRC_INACTIVE state without the need for DL RS ACK. Network can configure UL RS transmission for UE in RRC_ACTIVE state as a straightforward extension of the UL RS configuration to support TRP selection/association and mobility, as well as for UE in RRC_INACTIVE state as shown in section 2.1.
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Fig. 3  Overall physical layer procedure for UL-based measurement 
Proposal 3: NR should support to configure the UL RS transmission for UE in RRC_ACTIVE state as an extension of UL RS configuration, as well as for UE in RRC_INACTIVE state. 
3 Conclusions
In this contribution, we have discussed and elaborated on the UL RS measurements procedures and mechanisms for further considerations. The procedures allow for a straightforward extension of the UL RS for the support of both TRP selection/association as well as for mobility support of the UE in both RRC_INACTIVE and RRC_ACTIVE states. For the RRC_INACTIVE state, we found DL RS ACK can be used to assist the UE uplink reachability. 
Proposal 1: The UL RS transmission (e.g. allocated bandwidth, periodicity) should be configured by network for UE in RRC_INACTIVE state.
Proposal 2: NR can configure to send DL RS ACK to ensure the reachability for UE in the RRC_INACTIVE state. 
Proposal 3: NR should support to configure the UL RS transmission for UE in RRC_ACTIVE state as an extension of UL RS configuration, as well as for UE in RRC_INACTIVE state. 
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