[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #84                 	R4-1708340
[bookmark: _GoBack]Berlin, Germany, 21 – 25, August 2017

[bookmark: _Hlk490229600]Source:	Nokia, Nokia Shanghai Bell 
Title:	Discussion on beam related measurements in NR 
Agenda item:	9.6.2
Document for:	Discussion
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 UE beam related measurement requirements and the 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 CSI-RS measurements and how to determine the CSI-RS measurement requirements e.g. the number of beams the UE would need to be able to measure. 

2	Discussion
CSI-RS measurements are at least for beam managements and L3 mobility. UE is configured with CSI-RS measurement resources in a dedicated manner when in connected mode.
In last meeting, we discussed in [3] the different beam management agreements made in RAN1 and how they reflect on the potential UE requirements. From the discussion, we made a number of observations related to the UE requirements:
· UE needs to be able to support reporting information of up to N selected Tx beams.
· UE need to support up to L beam groups.
· For each group, UE need to support measurement quantities for N DL Tx beams.
However, the numbers are not settled and for RAN4 to discuss what would be seen as reasonable numbers.
Additionally, we also observed that the UE will need to perform measurements based on the RS defined for beam management (currently at least CSI-RS) and UE would need to be able to perform measurements on a number of these resources in simultaneously. 
Whether there will be any events related to the reporting is open, but if this becomes the case RAN4 would likely have to discuss the number reporting events/criteria the UE should support. In any case RAN4 would need to discuss the UE beam reporting requirements.
NR will support bands up to very high frequencies and for higher frequency bands it is expected that beam forming is needed from both network and UE side in order to achieve reasonable cell coverage. For SS-Block transmissions RAN1 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.
As discussed in [4] SS-Blocks can be transmitted from using one or more beams. This would be agnostic to the UE. Network could then use more narrow beams for data transmission once the UE enters connected mode for data exchange. I.e. the UE would need to be able to monitor at least 1 beam per cell.
Observation 1: UE would need to be able to monitor at least 1 beam per cell.
Proposal 1: UE shall be able to monitor at least the same number of beams as number of cells.
It is likely not possible for the UE to be detect all SS-blocks transmitted from each cell. However, neighboring cells will also transmit SS burst of which the UE will be able to hear some. This means, that there will some correlation between the number of cells the UE need to be able to monitor and the total number of beams the UE need to monitor.
Observation 2: There will some correlation between the number of cells the UE need to be able to monitor and the number of beams the UE need to monitor.
Once the number of cells to monitor has been agreed in RAN4 and the number of beams per cell the need to monitor, the total number of beams to monitor can be discussed.

2.1 Lower frequency ranges
In LTE, we have CSI-RS measurement requirements defined. The UE shall be capable of performing CSI-RSRP measurements for 3 identified intra-frequency TPs and capable of performing CSI-RSRP measurements for 3 identified inter-frequency TPs.
NR will support higher frequency ranges, and it can be expected that the need for more narrow beamforming will increase. Additionally, as mentioned above, there will be at least 1 beam per cell. So even if a similar requirement as in LTE might be seen as reasonable for NR at lower frequency ranges (e.g. below 3GHz) the LTE requirement is per carrier and 3 seems too low. Also, we do expect that this is not enough for higher frequency ranges.
Observation 3: For lower carrier frequencies (below 3GHz) LTE requirement can be used as guideline.
When discussing the number of beam requirement for NR, as argued above, the UE should monitor at least 1 beam per cell, and therefore we believe 3 beams per carrier (at lower carrier frequencies) is too low. For lower frequency ranges the number should be larger than number of cells to monitor.
Proposal 2: for lower carrier frequencies (below 3GHz) the number of beams to monitor should be higher than number of cells to monitor – e.g. 1.5 times number of cells.
The final number of beams should be discussed further.

2.2 Higher frequency ranges
The number of SS-Blocks per burst indicates the number of cells that can be broadcasted per SS burst. I.e. at higher frequency ranges this number is higher than at low frequency ranges. Therefore, it is necessary that the UE is able to monitor a larger number of beams at higher frequency ranges than at lower frequency ranges. Additionally, it can be expected that more than 1 beam will be needed in each cell to ensure reasonable cell coverage.
Observation 4: UE will need to be able to monitor more beams at higher frequencies.
In order to decide on more specific requirements in RAN4 it would be necessary to have some visibility to the number of cells the UE would need to monitor. This number would give at least the minimum number of beams the UE would need to monitor. 
Then, in a similar manner as for lower carrier frequencies, it would need to be discussed if this lowest number is sufficient or would it need to be increased – and if – how much.

3	Conclusions
In this paper, we will discuss the topic related CSI-RS measurements and how to determine the CSI-RS measurement requirements e.g. the number of beams the UE would need to be able to measure. Most important we observe:
Observation 1: UE would need to be able to monitor at least 1 beam per cell.
Based on which we propose:
Proposal 1: UE shall be able to monitor at least the same number of beams as number of cells.
And:
Observation 2: There will some correlation between the number of cells the UE need to be able to monitor and the number of beams the UE need to monitor.
Observation 3: For lower carrier frequencies (below 3GHz) LTE requirement can be used as guideline.
Proposal 2: for lower carrier frequencies (below 3GHz) the number of beams to monitor should be higher than number of cells to monitor – e.g. 1.5 times number of cells.
Observation 4: UE will need to be able to monitor more beams at higher frequencies.
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