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1	Introduction
Discussions related to the UE measurement capability continued in Reno. Discussions progressed and there were many companies proposing re-using LTE requirements concerning number of cells to monitor for sub-6. It was also discussed that in addition to monitoring cells, the UE will also need to be able to monitor a number of SSBs. Some companies have raised concerns on UE complexity and how to balance the cell and SSB monitoring requirements. 

2	Discussion
One cell is represented by a physical cell Id which is decoded from the SS-Block. I.e. cell detection is done by detecting an SS-Block. Network can choose to cover the cell by use of one or more beams. I.e. the network can transmit the SS-Block with same physical cell Id using one or multiple beams if this is necessary. E.g. in lower carrier frequencies a cell could cover the whole sector using a single ‘beam’, while at higher carrier frequencies the network would need to be using multiple beams to cover the sector and ensure cell coverage.
Which approach is applied will be agnostic to the UE and UE procedures. In order to provide a full physical cell identification of a cell, the physical cell identity obtained from the SS-Block together with the SS-Block Index is needed.

2.1	Number of cells to monitor
In Reno meeting RAN4 agreed:
	Option 3a: define requirements on minimum number of cells per frequency layer UE should monitor and minimum number of SSBs with different SSB index and/or different PCI per frequency layer UE should monitor with at least 1 SSB per cell
This is now also captured in 38.133 for intra-frequency measurements. Open for further discussion in RAN4 is the exact numbers as 38.133 so far only captures:
For each intra-frequency layer the UE shall be capable of monitoring at least TBD cells.
For each intra-frequency layer, during each layer 1 measurement period, the UE shall be capable of monitoring at least TBD SSB with different SSB index and/or PCI and the UE shall be capable of monitoring at least one SSB per cell.

RAN1 agreed, that there can be up to ‘L’ SS-Blocks per SS-Block burst set per cell – i.e. up to ‘L’ different SSB per cell. A cell transmits SS-Blocks with same physical cell ID by using one beam or more beams. 
Observation 1: A cell is identified by its Physical Cell Id
L is a maximum limit of SS-Blocks which can be present in an SS-Block burst set in a cell. All SS-Blocks from same cell would have one and same physical cell ID, and each SS-Block distinguished by the SS-Block Index.
Observation 2: There can be up to L SS-Blocks per SS-Block burst set per cell
Observation 3: Each SS-Block is distinguished by its Index
The UE will likely not be able to detect all SS-Blocks transmitted from a cell, except if the number of SS-blocks is low. On the other hand, it can also be expected that only having 1 SS-Block in a cell will not be the common case for NR – especially in FR2 but likely also in FR1. If the network, due to deployment scenario, need to use many beams to ensure cell coverage, the UE could potentially detect a high number of cell and/or SS-Blocks (see further in [5]). 
Additionally, the UE will in many situations be able to detect SS-Blocks transmitted from neighbouring cells. How many SS-Blocks the UE can detect and the exact number of cells/SS-Blocks the UE would need to be able monitor, has been investigated using simulation support – mostly static.
Based on results shown in [1, 7] we propose following numbers concerning number of cells the UE should be able to monitor in FR1:
Proposal 1: For below 6GHz, re-use E-UTRAN requirements concerning number of intra-frequency cells the UE shall be able to monitor.
We propose also to re-use LTE requirements for sub-6GHz inter-frequency number of cells in NR:
Proposal 2: For below 6GHz, re-use E-UTRAN requirements concerning number of inter-frequency cells the UE shall be able to monitor.
Many companies have provided simulation results. Based on the results in our results [7] and our discussion paper [5] we observe following:
Observation 4: At higher frequencies, the UE tend to be able to detect more cells than at lower frequencies.
This might indicate that the UE should be able to monitor more cells at higher carrier frequencies than at lower. However, based on the results in [7] we believe using E-UTRAN requirements as baseline also for number of cell the UE should be able to monitor in FR2 would be a good starting point.
Proposal 3: Use E-UTRAN requirements as baseline also for number of cell the UE should be able to monitor in FR2.

2.2	Number of beams/SSBs to monitor
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. If UE is required to be able to monitor e.g. 8 cells on serving carrier for carrier frequencies below 6GHz (as in LTE) it would mean that in worst case the UE would need to be able to monitor 32 or 64 SS-Blocks, if UE should be able to monitor all possible SSBs per cell, depending on the serving carrier frequency. For inter-frequency requirements, the number of cells is 4 per carrier which wold lead to beam monitoring requirement of 16 and 32 per carrier depending on the carrier frequency.
Such requirements could be regarded as being a bit stringent and one could question if under realistic assumptions such requirements would even be needed. The UE minimum requirements related to number of detected SSBs for below 6GHz needs further discussion input from dynamic simulations might be helpful. 
As discussed in [5] the actual number however, depends heavily on the deployment assumptions. If we e.g. consider 30GHz it could under some deployments be necessary to use more cell sectors and narrow beam forming to ensure the necessary planned cell coverage. In [7] we present new static simulation results based on the discussion in [5] and the expected need for more narrow cell and extensive beam forming to ensure cell coverage. We see that under those specific simulation assumptions, the total number of SSBs the UE can detect has strong dependency on the deployment which again depends on the operating carrier frequency.
When we go to higher carrier frequencies, the deployment assumptions might change significantly and this is likely to have a significant impact on number of beams (and potentially cells) used in the deployment. When analyzing at the results from companies, it is clear that higher carrier frequencies will be demanding in terms of beamforming and beam measurements [5, 7]. In RAN4 we need to consider this fact when developing the UE requirements such that UE requirements are also aligned with and able to support the future deployment scenarios in mind for NR.
Observation 5: RAN4 requirements need to account the future deployments when developing the RRM requirements related to number of SSBs the UE should be able to monitor.
Observation 6: RAN4 need to account higher carrier frequency deployments to define non-future proof requirements and UEs.
Next question (the essential question) is how many of the detectable SSBs are really relevant for the UE to monitor for enabling efficient operation of the NR system? I.e. the number of relevant strongest SSBs to ensure UE is ‘camped on’ or using the strongest beam and not losing connection/service due to monitoring a too low number of SSBs. 
Open for further study is to analyze the dynamic aspect of the mobility. This would be needed in order to narrow down what a relevant number of beams to monitor would be from system and UE point of view. In [8] we have provided some very initial dynamic simulation results.

2.2.1	SSB Monitoring requirements
RAN4 has for some meetings discussed whether SSB monitoring requirements should be per cell or per frequency. In Reno meeting RAN4 decided to define SSB monitoring requirements per carrier frequency.
Having such approach would mean that RAN4 would need to discuss if there is a need to set a minimum limit in the number of SSBs the UE shall monitor per detected cell or leave such distribution to UE implementation? So far RAN4 only decided 1 SSB per cell. From system design point of view each cell will always contain at least one SSB (while L sets the upper limit). However, based on the former discussion, having only 1 SSB monitoring requirement per cell does not seem reasonable from system operation point of view, at least in FR2. 
Simulation results clearly indicates that the UE can detect more SSBs at higher carrier frequencies than at lower carrier frequencies. Similar the network is likely to use beam forming more aggressively at higher carrier frequencies and the number of SSBs per cell will increase. Therefore, it seems necessary that the UE should be able to monitor more than 1 SSB per cell at least at higher carrier frequencies. These findings strongly indicates that there is likely a need also to define a minimum number of SSBs per cell the UE would need to monitor – at least for higher carrier frequencies. 
Observation 7: At higher frequencies, the UE should be able to monitor more than 1 SSB per cell.
I.e. still open in RAN4 and to be discussed is the actual number of SSBs to monitor for different carrier frequency ranges, which would need further study in RAN4.


3	Conclusion
In this paper, we continued the discussion related to the UE measurement capability. Based on the discussions and simulation results we propose following:
Proposal 1: For below 6GHz, re-use E-UTRAN requirements concerning number of intra-frequency cells the UE shall be able to monitor.
Proposal 2: For below 6GHz, re-use E-UTRAN requirements concerning number of inter-frequency cells the UE shall be able to monitor.
Proposal 3: Use E-UTRAN requirements as baseline also for number of cell the UE should be able to monitor in FR2.
We also note that the actual number however, depend heavily on the assumptions. If we e.g. consider 30GHz it could under some deployments be necessary to use more cell sectors and narrow beam forming in order to ensure the necessary planned cell coverage. Under such conditions it is highly likely that the UE will be able to detect more cells and more beam per cell – and therefore also total number of beams.
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