3GPP TSG RAN WG2 Meeting #97bis
R2-1703417
Spokane, USA 3 – 7 April 2017

Agenda item:

10.4.1.3
Source:
Intel Corporation

Title:
Filter, serving cell quality and remaining issues in RRM
Document for:

Discussion and Decision
1      Introduction
 During last RAN2 #97 meeting, it has been agreed the following on RRM:

Agreement

1
Cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1. 

FFS: Details of filtering to be applied

FFS: How the quality of the serving cell is determined (e.g. from serving beam only or cell quality)
FFS: Whether the agreement applies to both additional RS and idle RS.
FFS: Whether to only consider beams above a threshold ('good' beams)
In this contribution, we further discuss the remaining issues of RRM in NR, i.e. (1) how to apply L1 and L3 filter, (2) how the quality of the serving cell is determined, (3) how to combine N beams
2      Discussion
During last RAN2 meeting, “N best beams” was agreed where N can be configured by the network to derive cell quality. However, there are some remaining issues needing further discussion. 

L1 and L3 filter

In general, we can have 3 options to place L1 and L3 filters:
· Option 1: Both L1 and L3 filters apply on beams (shown in Figure 1)

· Option 2: L1 filter applies on beams and L3 filters applies on cell (shown in Figure 2)

· Option 3: Both L1 and L3 filters apply on cell (shown in Figure 3)
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Figure 1: Both L1 and L3 filters apply on beams (option 1)
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Figure 2: L1 filter applies on beams and L3 filters applies on cell (option 2)
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Figure 3: Both L1 and L3 filters apply on cell (option 3)
In our previous simulation, it was shown that the performance of option 1 and 2 are very similar. Then the comparison of the three options seem to be UE storage requirements, UE management complexity and performance. In terms of storage requirements and management, since beam level information will be needed anyway to report to L3, therefore, physical layer will anyway has to keep all beam information. There will be no saving on L1 compare to option 2 and option 3 even though option 3 applies both L1 and L3 filter on cell. Therefore, it seems reasonable to apply L1 filter on beams. L3 filter is used to eliminate channel fluctuation (especially in NR), in this case, it makes sense to apply L3 filter on the cell level. However, beam reporting may also be needed for CSI-RS reporting and we also agreed that network can request the UE to report the best beam information, in this case the UE will need to maintain L3 filtering on beams as well. To reduce the complexity of filtering management and storage at the UE, it seems better to apply option 1 only which has the least complexity at the UE.
Observation 1: option 1 is least complex for the UE in teams of storage and filters management
Proposal 1: L1 and L3 filters apply on beams 
There was also some discussion regarding the question whether each beam index should be applied by individual filter or beams should be first sorted and then filter will be applied in the order of their signal strength. In our view, we think that it doesn’t make sense to mix different beam index in the same filter since they are different beams with different properties. Therefore, we propose to have filter applied on individual beam based on their “beam index”.

Proposal 2: Separate filtering (the combination of L1 + L3 filter) is applied per individual beam based on their “beam index” (i,e, implied from SS block location for xSS or CSI-RS index for xRS)
Quality of the serving cell and how to combine N beams
It was discussed during last meeting how to derive the quality of the serving cell. At least event A3 and A6 are used to compare a neighbouring cell and the serving cell. It would be reasonable to have the same methodology to derive quality of neighbouring cell and serving cell so the comparison is valid. If one uses best beam for serving cell and average of N beams from a neighbouring cell, the comparison will be not consistent because it means for serving cell, the cell quality would represent signal strength only, while for neighbouring cell, the cell quality would reflect signal strength as well as diversity level with multiple beams. Therefore, it is proposed to use the same methodology to derive quality of cell as neighbouring cell as for serving cell.
Proposal 3: Same methodology used to derive quality of serving cell and neighbouring cells
Now the only remaining item we have not discussed is how to combine the N beams. In general, we can either sum them or average them. In order to compare these two, different scenarios should be considered. 
· Scenario 1: Same number of beams across different cells

· Scenario 2: Some cells have more number of beams than the other cells
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Figure 4: Different number of beams per cell

For scenario 1, when the number of beams across different cells are the same, there is no different between sum or average since we will be comparing the same number of beams across different cells. However, in scenario 2, when number of beams are different across different cells like the deployment shown in Figure 4, there will be cases where the configured N value is larger than the number of available beams. In this case, special handling is needed when sum is used. On the other hand, average can take care of the different number of beams across different cells. Below is an example to illustrate the problem:

	
	Cell A
	Cell B
	Cell C

	Number of beams
	15
	5
	10

	Number of beams above a threshold
	5
	1
	2


Example 1: Only consider number of beam and N = 6
· Sum: 

· Cell A: Sum (top 6 beams), Cell B: Sum (top 5 beams), Cell C: Sum (top 6 beams)

· Cell B is under count. One way is to only apply the minimum number of beams across cells. In this case, N = 5

· Average: 

· All cells (A, B, C) = can apply to average top N beams, N is 6 for A and C and N is 5 for B.

· But the comparison is still ok 

Example 2: Consider number of beam with threshold and N = 3

· Sum: 

· Cell A: Sum (top 3 beams), Cell B: Sum (top 1 beams), Cell C: Sum (top 2 beams)

· Cell B is under count. One way is to only apply the minimum number of beams across cells. In this case, N = 1

· Average: 

· All cells (A, B, C) = can apply to average top N beams above a threshold, N is 3 for cell A, N is 1 for cell B and N is 2 for cell C

In both examples, using average seems to be much simpler than sum. Therefore, we propose to use average N beams. Regarding whether the network configures a threshold so that only the beams above the threshold are considered, we think that it is beneficial to allow the network to configure a threshold to indicate a useable beam. In the case where the network doesn’t configure this value, the UE should consider all top N beams.

Proposal 4: Average of N best beams used to determine the cell level quality 
Proposal 5: An optional configurable threshold to indicate the minimum signal quality of the beams to be used to evaluate the cell level quality
xSS and additional RS configuration
One of the FFS is whether the agreements apply to both additional RS and idle RS. The table below shows the difference between xSS and additional RS:

	
	xSS
	Additional RS

	Periodic? 
	Yes
	Yes

	Beamform?
	Yes, may be wider beam
	Yes, may be narrow beam

	Need beam sweep?
	Yes
	Yes

	Fixed resources?
	Yes
	Semistatically configured by the network


As we can seem, additional RS is expected to also perform beam sweeping and contain multiple beams per cell. The key difference between xSS and additional RS is the resource allocation. xSS is fixed and periodic while additional RS is semistatic and the periodicity can be configured. Therefore, in terms of how to combine multiple beams to a cell level quality, serving cell quality, filtering and threshold configuration should apply to both. Network can configure them as needed.

Proposal 6: Agreement from RAN2#97 (i.e. Cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1) and the proposals apply to both xSS and xRS
3      Conclusion 
Observation 1: option 1 is least complex for the UE in teams of storage and filters management
Proposal 1: L1 and L3 filters apply on beams 

Proposal 2: Separate filtering (the combination of L1 + L3 filter) is applied per individual beam based on their “beam index” (i,e, implied from SS block location for xSS or CSI-RS index for xRS)
Proposal 3: Same methodology used to derive quality of serving cell and neighbouring cells
Proposal 4: Average of N best beams used to determine the cell level quality 

Proposal 5: An optional configurable threshold to indicate the minimum signal quality of the beams to be used to evaluate the cell level quality
Proposal 6: Agreement from RAN2#97 (i.e. Cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1) and the proposals apply to both xSS and xRS
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