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1	Introduction
In Qingdao meeting RAN4 agreed a WF for NR RRM in [1]. The WF includes agreements as well as multiple topics to discuss further in RAN4 in order to progress the work. One of the discussions in Qingdao was related to determination of the number of cells etc. to measure and UE related capabilities.
· Interested companies should evaluate further he methodology for determining capability for number of cells, number of beams etc to measure:
· Serving cell
· Non-serving cells (neighbour cells)
In this paper, we will discuss the topic related how to determine the number of cells the UE would need to be able to monitor. The discussion is intended to facilitate further RAN4 discussions. In the end we also make a number of basic proposals.

2	Discussion
For NR the physical design is different from LTE. Despite this we can expect that the actual UE procedures are not that different on conceptual level in term of serving cell measurements, neighbor cell detection and measurements on serving and other carriers.
NR will introduce use of beams as NR is expected to cover higher carrier frequencies than LTE, which calls for use of beamforming in order to ensure reasonable cell coverage. UE minimum requirements are therefore needed also for beam handling.
3	Cell requirements discussion
Once the UE has selected a cell UE will need to perform continuous cell detection on indicated carriers. As RAN4 work in phase 1 is focused on EN-DC (i.e. NR NSA option 3) we will next discuss cell detection for connected mode – although the actual cell detection is assumed to be agnostic to the current UE mode and will be similar for all UE modes (Idle, Inactive and Connected). Of course, the UE requirements will be defined for each UE state. 
When in service it is assumed that the UE will receive network measurement related assistance information (NAI) for controlling the UE measurements according to network deployment and needs. Such measurement related information would at least need to include (for connected mode):
· SS-Burst position in time domain
· SS-Burst set repetition periodicity
· SS-Block location in frequency domain
· Related parameters needed for evaluation and reporting
RAN1 agreed that a SS-Burst set is limited in transmission time to 5ms [1]. Based on this 5ms window assumption and the NAI, the UE will know when to it should measure detected cell and search for new detectable cells – intra-frequency and inter-frequency, if inter-frequency measurements are configured.
In order to detect a new cell the UE will need to scan for SS-Block(s) at a given carrier frequency which should be the center carrier of the default SS-Block. UE will need to try to detect PSS, SSS and in some cases also the PBCH. Once the PSS and SSS have been detected UE need to evaluate if PBCH reception is necessary.
When a cell has been detected the UE will perform measurements on the cell.

3.1 SS-Block transmission
How the network will transmit SS-Blocks and how the network deploys cells is up to network configuration, but there are a number of possibilities but also some limitations. RAN4 requirements would need to allow network deployment flexibility by having suitable UE requirements while still considering the overall UE complexity and measurement burden. 
One cell is represented by an SS-Block. I.e. cell detection is done by detecting an SS-Block. Network can choose to transmit the SS-Block using one or multiple beams if this is necessary. E.g. in lower carrier frequencies the cell could transmit the SS-block using a single beam while at higher frequencies the same SS-Blocks could be transmitted using multiple beams. This is illustrated in figure 1.
[image: ]
Figure 1 Example illustrations of different SS-Block transmission options in NR.
Which approach is applied is agnostic to the UE and UE procedure. The SS-Block provides the cell identity of the detected cell.

3.2 Number of SS-Blocks
RAN1 has agreed on the maximum number of SS-blocks, L, within an SS-Block burst set [2]. The number depends on the frequency range and is not a fixed number for all frequencies. The numbers agreed are:
· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
RAN1 agreements also assumes that for minimum requirements definition the minimum number of SS-Blocks within each burst set is one. This means, that when RAN4 defines the minimum requirements there will be at least one SS-Block and at most L SS-Blocks.

3.3 Number of cells to monitor
RAN1 agreed, that there can be up to ‘L’ SS-Blocks per SS-Block burst set – i.e. up to ‘L’ different cells. The SS-Block burst set is transmitted within a 5ms windows with a given burst set periodicity. The periodicity is agreed to be in the range 5ms – 160ms.
When discussing the number of cells the UE need to be able to monitor, the number of maximum number of SS-Blocks per burst gives some input to this discussion. L depends on the frequency range and RAN4 would need to analyse if also the number of cell the UE shall be able to monitor would also depend on the frequency range.
Observation 1: L depends on frequency range and therefore also the number of cells the UE should monitor could depends on the frequency range.
If considering below 6GHz we see that L can be either 4 or 8 depending on whether the carrier frequency is below or above 3GHz. This basically means that there can be 4 SS-Blocks (=up to 4 cells) per burst set for below 3GHz and 8 SS-blocks (= up to 8 cells) per burst set for frequency range 3-6GHz. For above 6GHz the number is 64.
As discussed, a cell could transmit the SS-Block using one beam or more beams as illustrated in figure 1. This means, one beam could transmit one SS-block which would represent one cell, or the SS-block representing one cell could be transmitted using more beams. This would be agnostic to the UE.
Observation 2: L is a maximum limit of cells which can be present on a burst.
The synchronization design implies that there is a maximum number of cells that can be presented in a burst. This maximum number will also represent an upper limit of the number of cells the UE should be able to monitor per cell. However, the UE will likely not be able to detect all cell/SS-Blocks transmitted from a TRP. On the other hand, the UE will most likely be able to detect cells/SS-Blocks transmitted from other TRPs. In the end, how many cells the UE can hear and the exact number of cells/SS-Blocks the UE would need to be able monitor, is difficult to predict without simulation support.
Observation 3: SLS will be useful when investigating the number of cells the UE shall be able to monitor. 
Based on the discussion and the observations made during the discussion we propose that in RAN4, when we discuss number of cells the UE should be able to monitor, this is the same as the number of different SS-Blocks the UE should be able to monitor. 
Proposal 1: The number of cells the UE should be able to monitor, is the same as the number of different SS-Blocks the UE should be able to monitor.
In line with e.g. LTE we suggest we use the term ‘cell’ instead of ‘SS-Block’ when discussing requirements.
Proposal 2: Use the term ‘cell’ instead of ‘SS-Block’
As the UE can only measure detected cells – based on the nature of the SS-Block-RSRP – the UE requirements concerning number of cell to monitor includes both cell detection and at least SS-Block-RSRP.
Proposal 3: The UE requirements concerning number of cell to monitor includes both cell detection and at least SS-Block-RSRP.

4	Conclusion
In this paper, we discussed one of the discussion topics from Qingdao related to determination of the number of cells etc. to measure and UE related capabilities. We analysed the cell detection and measurement procedures for NR on high level. We looked at the current L1 design regarding SS-Blocks and cell detection and measurements.
The discussion is intended to facilitate further RAN4 discussions. We make a number of basic proposals in order to get some baseline terminology in RAN4:
Proposal 1: The number of cells the UE should be able to monitor, is the same as the number of different SS-Blocks the UE should be able to monitor.
Proposal 2: Use the term ‘cell’ instead of ‘SS-Block’
Proposal 3: The UE requirements concerning number of cells to monitor includes both cell detection and at least SS-Block-RSRP.
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