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1
Introduction
In the RAN4 meeting #81 in Reno, USA, the discussion related to NR RRM continued, and a WF was agreed in [3]. The WF lists several aspects to be further discussed in RAN4 related to Initial access, cell detection, beam measurements etc.:

Way forward in RAN4#81

· Further investiations of RAN1 decisions on signals for cell identification and measurements (including discovery signals) and the means to have requirements for fast cell identfication and measurement

· The performance of the increased hypothesis on the initial access reference signal shall be investigated in RAN4, e.g. the UE complexity, cell identification delay and accuracy.

· The necessary system level requirements  for cell identification performance shall be investigated at system level by RAN4, including e.g.:

· side conditions

· delay requirements

· number of cells to identify

· number of measurements within the measurement period

· number of beams to identity or measure,

· RAN4 will continue to evaluate the impact of RAN1 decisions on beam based measurement

Way forward in RAN4#81
· Further investiations of requirements for beam based measurement (such as BRS) and possible means to perform fast beam identfication and beam measurements

· Further investigate the relation between one or more beam-based measurement and non-beamformed measurements (e.g. number of beam-based measurements and non-beamformed measurements that can be done in parallel)

· RAN4 will continue to evaluate the impact of RAN1 decisions on beam based measurement

In this paper, we will further discuss on some of the open issues in a more generic manner.
2
Discussion

In LTE, the cell is identified by PSS, SSS and possibly CRS. In the UE requirements, there is a linkage between PSS and SSS and one cell, and the requirements are in general based on number of cells. The final details are still not finalized in RAN1 but during the RAN1 AH in Spokane in January 2017 some further agreements were made.
2.1 Baseline

Using LTE as baseline example the LTE cells are identified PSS/SSS/CRS. An eNB includes a numbers of cell which of course depends heavily on deployment. In figure 1 a simple illustration of an eNB with 4 cells is given. As UE moves around it will detect new cells (Cell A, B, C or D or cells from neighbour eNB). Something on RRH and CSI-RS not based on being seen as cell but use same cell ID. 
[image: image1.emf] 
2.2 Cell Detection in NR

In NR, and especially in higher frequencies, it can be expected that the deployments have to consider more sectorized gNBs with more cells per base station. Additionally, there will be a need to support beam sweeping at least in higher frequencies. In NR, the cells/sectors will be identified by NR-PSS/NR-SSS which are same within a sweep. Each sector/cell is additionally identified by the time within the burst and burst set.. Figure z illustrates one such sweep approach. Whether a cell is a superposition of one or more beams is a matter of deployment but a cell is identified by NR-PSS and NR-SSS in a similar manner as in LTE. 
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Different from LTE NR may operate at very high frequencies which means that beam forming is needed to get sufficient cell coverage. At higher frequencies, it is expected that NR would need to support narrower beams to compensate for the path loss and get sufficient antenna gain. How many beams the network use to create a cell will depend on the base station implementation but it will also be impacted by the number of cells the UE is required to monitor – this will set a maximum limit on the cell granularity. 

RAN4 would need to discuss how many cells (i.e. different NR-PSS and NR-SSS IDs) the UE as minimum shall be able to monitor and measure. 
As a baseline starting point of the requirement will be the existing LTE requirement of 8 intra-frequency cells and 4 inter-frequency cells per FDD inter-frequency for up to 3 FDD inter-frequencies or 8 FDD inter-frequencies if the UE supports IncMon. As NR goes to higher frequencies and the cell density is expected to increase we also believe that the LTE requirement is not sufficient and would need to be increased.

Observation 1: Existing number of cells and carrier the UE shall be able to measure is likely not sufficient for NR.

Proposal 1: RAN4 need to discuss and decide on the number of intra-frequency cells the UE shall be able to measure.

Proposal 2: RAN4 need to discuss and decide on the number of inter-frequency cells the UE shall be able to measure.
The UE monitoring requirements regarding the number of cells, the intra-frequency cells must have highest priority as in LTE. As the number of carriers to measure in NR will not be lower than what RAN4 have discussed during IncMon work, RAN4 would also need to consider the number of cells per carrier to measure. 
Proposal 3: RAN4 need to discuss and decide on the number of carriers the UE need to be able to measure.
RAN4 would also need to discuss number of cells to monitor for each state.

Proposal 4: RAN4 need to discuss and define cell and carrier requirements for each state.
2.3 Beam Measurements

Each cell may contain of one or more beams depending on deployment scenario. This means that the UE may be required to be able to measure a minimum number of beams in addition to number of cells. The number of beams per cell may be differ between the cells. Discussions are still ongoing in RAN1 but the number of beams the UE would need to be able to measure would need to account for aspect as discussed in section 2.2. NR will support higher frequencies which lead to use of beams. 

In LTE for RAN4 have some requirements for TP measurements under discovery signal measurements. Here the UE is required to measure up to 3 identified TPs. Likely such number is not enough for NR and would need to be increased. How many beams the UE would need to be able to measure would need more discussions in RAN4. 
Observation 2: The number of beams the UE would need to be able to measure needs to be discussed further in RAN4.
Proposal 5: RAN4 would need to discuss and decide the number of beams the UE shall be able to measure.
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Additionally, RAN4 would need to discuss the beam tracking and measurement requirements in the different states and discuss the requirements for intra-frequency and possibly inter-frequency requirements.
Proposal 6: RAN4 would need to discuss the beam tracking and measurement requirements in the different states.

Proposal 7: RAN4 need to discuss the requirements for intra-frequency and inter-frequency requirements
If UE is operating in beam environment the UE will possibly more than one serving beam (under discussion in RAN1). Discussion related beams, measurements and link quality we have in our accompanying paper [3] a discussion on beam recovery and link failure. 
2.4 Delay and number of measurements
In the former sections, we discussed UE requirements related to number of cells the UE shall be able to measure for intra-frequency carrier and inter-frequency carriers. Both the number of cells per carrier and the number carriers might be increased for NR compared to LTE requirements and this might impact the UE measurement delays.
Measurement delay additionally depend on the number of measurements to be included in a measurement period which again will depend on the final accuracy seen needed in NR. 

RAN1 has made decision on defining NR-SS-RSRP measurement and once the RAN1 design is final RAN4 can make more final decisions as well. Obviously, this will need support by simulations. In our accompanying paper [4] we have simulation results using the NR-SS-RSRP and how it depends e.g. on the measurement bandwidth (NR-SS bandwidth or SSS sequence length). As can be seen from these results the measurement period and the delay requirement depends on NR-SS design. What can also be seen is that if we aim for short measurement delay with good accuracy, wider measurement bandwidth is beneficial.
3
Conclusion
In this paper, we discussed more on the aspects of the UE requirements related to number of cells and beams the UE shall be able to monitor. Additionally, we also discussed that RAN4 would need to (as usual) consider the different states (idle, in-active and connected) as well as both intra-frequency and inter-frequency use cases. Based on the discussion we propose:
Proposal 1: RAN4 need to discuss and decide on the number of intra-frequency cells the UE shall be able to measure.

Proposal 2: RAN4 need to discuss and decide on the number of inter-frequency cells the UE shall be able to measure.

Proposal 3: RAN4 need to discuss and decide on the number of carriers the UE need to be able to measure.

Proposal 4: RAN4 need to discuss and define cell and carrier requirements for each state.

Proposal 5: RAN4 would need to discuss and decide the number of beams the UE shall be able to measure.

Proposal 6: RAN4 would need to discuss the beam tracking and measurement requirements in the different states.

Proposal 7: RAN4 need to discuss the requirements for intra-frequency and inter-frequency requirements

References
[1] TR 38.913, “Study on Scenarios and Requirements for Next Generation Access Technologies”, 3GPP

[2] R4-1609565, Way forward for NR RRM, 
Ericsson, Nokia
[3] R4-1701811, Beam management definitions and discussion, Nokia, Alcatel-Lucent Shanghai Bell
[4] R4-1701808, DL signals and mobility measurements in NR, Nokia, Alcatel-Lucent Shanghai Bell
