3GPP TSG-RAN WG4 Meeting #84bis                                        R4-1710669
Dubrovnik, October 9th – October 13th, 2017

Agenda item:


9.7.3
Source:
MediaTek Inc. 

Title:
UE Measurement Capability
Document for:

Discussion 
1
Introduction 
In RAN4 NR#3 meetings, a WF [1] was agreed on UE measurement capability. Three options were considered and were expected to be decided in this meeting. The WF mainly based on SSB based measurement with details simplified and captured below:

	· The measurement capability shall be defined per reference signal type. 

· Option 1: # of cells per frequency layer and # of beams per cell

· Option 2: # of beams per frequency layer

· Option 3: # of cells per frequency layer and # of beams per frequency layer
· The measurement capability should be specified as frequency range dependent (e.g. Sub-6GHz, mmWave) 

· “# of cells per frequency layer”:

· Sub-6GHz:

· at least [8] identified intra-frequency cells

· at least [4] identified cells per inter-frequency layer 

· mmWave:

· at least [x] identified intra-frequency cells

· at least [y] identified cells per inter-frequency layer 

· “# of beams per cell”:

· Sub-6GHz:

· at least [m1] identified beams per intra-frequency cell 

· at least [n1] identified beams per inter-frequency cell 

· mmWave:

· at least [m2] identified beams per intra-frequency cell 

· at least [n2] identified beams per inter-frequency cell 

· “# of beams per frequency”:

· Sub-6GHz:

· at least [k1] identified beams per intra-frequency layer

· at least [h1] identified beams per inter-frequency layer

· mmWave:

· at least [k2] identified beams per intra-frequency layer

· at least [h2] identified beams per inter-frequency layer


In this paper, we provide our view on both the structure of UE measurement capability and the exact numbers, based on our simulations results in [2] and [3].
2
Structure of UE measurement capability
In this section, we fist talk about UE’s behaviors in cell search and measurement. Then we discuss which structure of UE measurement capability is more suitable.
From UE implementation point of view, UE always needs to perform cell search before any measurement. For cell search, UE tries 1008 cell IDs for every possible SSB occasions in the duration indicated by SMTC. Before cell search, UE may not have the idea of which cell is near-by nor which SSBs are not actually transmitted. In fact, UE has more uncertainties to handle such as the timing, frequency and clock offset, to name a few.
After cell search, UE can identify some cells and some SSBs. UE can identify multiple SSBs without exactly knowing the time index, e.g., UE found 2 different OFDM symbols carrying strong SSS signals for the same cell ID. An example is provided in Table 1, which assumes max 8 SSBs could be transmitted per cell (L=8). In Table 1, UE can detect SSB#0, 5, 6, 7 from Cell#0, SSB#3 from Cell#2 and SSB#1, 2 from Cell #1006. For the other cells, UE cannot detect any SSB from them. Hence those cells are not detectable. 
Table 1. Example for the result after cell search
[image: image1.emf]Detectable or not

Cell SSB#0 SSB#1 SSB#2 SSB#3 SSB#4 SSB#5 SSB#6 SSB#7

Cell#0 O O X X X X O O O

Cell#1 X X X X X X X X X

Cell#2 O X X X O X X X X

Cell#3 X X X X X X X X X

Cell#4 X X X X X X X X X

…..

Cell#1006 O X O O X X X X X

Cell#1007 X X X X X X X X X

O: detectable

X: undetectable


Note that before time index acquisition, UE can temporary identify different SSBs with a per-SSB timing information based on some timing reference, e.g., from its serving cell. This per-SSB timing information can be directly used by UE for measurement. Therefore in the next periods of SMTC (probably to be further scaled by MGRP), UE only needs to measure those identified SSBs with known timing. In the example of Table 1, UE can measure at most 7 SSBs. 

Observation 1: UE only needs to measure those SSBs that are detectable after cell search.

The number of SSBs to be measured is the key factor that dominates UE’s measurement complexity. The more SSBs to be measured demands the high UE complexity in measurement. When there are too many detectable SSBs, it would require a very high UE complexity to perform measurement on all of them. Therefore, it would be good to specify the minimum measurement capability that should be supported by UE in terms of the number of total SSBs.

When there are more SSBs than UE can measure, UE should have the freedom to select which SSBs to be measured and which SSB not to be measured in the next SMTC period. For some examples, UE may chose the prioritize the SSB which is
· the only one detectable SSB from a cell

· at a condition which may soon trigger a measurement event

· not strong enough so that more samples are needed to get an accurate measurement. 
From this sense, it is not preferred to add additional constraint on how UE selects the SSB to be measured. 
Moreover, if UE is at cell center, UE will observe and report more SSBs from its serving cell. When UE is at the cell boundary, UE will observe and report SSBs that comes from more cells. UE is at a better position than network to know the signal strength of different SSBs and also a better position to decide which SSBs to be measured in the next occasion. Therefore, when defining UE measurement capability, RAN4 only needs to control a reasonable number of SSBs. In our opinion, it is preferred to define the measurement capability at least based on the number of beams per frequency layer.
Observation 2: UE is at a better position to decide which SSBs to be measured in the next occasion.
Proposal 1: The structure of UE measurement capability is defined at least based on the number of beams per frequency.
As for the choice between Option 2 and Option 3, we do not have strong view. We think it is also fine to define the number of cell per frequency. It is not a dominant parameter in UE’s measurement complexity in PHY, but it may resolve the concern from operators in the robustness of RRM in real network.

Proposal 2: Both Option 2 and Option 3 in R4-1709909 can be considered in defining UE measurement capability.

3
Numbers in UE measurement capability
Below, we first summarize our system-level simulation results from [2] and [3] in Table 2 and Table 3, respectively. Clearly, sub-6 and mmWave have very different simulation results. Therefore it is reasonable that they have separate capabilities. In the following, we propose the exact number in measurement capability based on Option 3 in [1], since it can easily degenerated to Option 2 by removing the number of cells per frequency layer.
Table2 x%-ile CDF of number of detectable cells and detectable beams in sub-6

	
	# of detectable cells
	total # of detectable beams
	# of detectable beams per serving cell
	# of detectable beams per neighbor cell

	
	
	with serving cell
	without serving cell
	
	

	x%-ile CDF
	20
	50
	90
	20
	50
	90
	20
	50
	90
	20
	50
	90
	20
	50
	90

	cell edge
	1
	1
	1
	1
	1
	1
	0
	0
	0
	1
	1
	1
	0
	0
	0

	all
	1
	1
	2
	1
	1
	2
	0
	0
	1
	1
	1
	1
	0
	0
	1


Table 3 x%-ile CDF of number of detectable cell and detectable beams in mmWave

	
	# of detectable cells
	total # of detectable beams
	# of detectable beams per serving cell
	# of detectable beams per neighbor cell

	
	
	with serving cell
	without serving cell
	
	

	x%-ile CDF
	20
	50
	90
	20
	50
	90
	20
	50
	90
	20
	50
	90
	20
	50
	90

	cell edge
	1
	1
	2
	1
	2
	4
	0
	0
	2
	0
	0
	2
	0
	0
	2

	all
	2
	3
	6
	5
	13
	23
	1
	5
	14
	6
	7
	13
	1
	2
	5


For the sub-6 part, we can see that the numbers of detectable beams and cells are not that many. This implies that it is possible to keep similar measurement complexity as LTE. Therefore, we think most of the LTE capability can be reused, e.g., 8 cells in intra-frequency and 4 cells in inter-frequency. Also, we suggest also total 8 beams in intra-frequency and total 4 beams in inter-frequency, meaning roughly one beam per cell, in order to keep similar complexity as LTE.
Proposal 3: For SSB based measurement in sub-6,


· UE is required to at least simultaneously monitor 8 identified cells and 8 identified beams in intra-frequency layer

· UE shall be capable of performing measurements of at least 4 identified cells and 4 identified beams per inter-frequency layer

For the mmWave part, we think the number of detectable cells can simply follow those in sub-6, because this is not a dominant parameter in UE’s measurement complexity. Regarding the number of detectable beam per frequency, we think that the number can be picked in the range between the 2 numbers:

· 90%-ile of the total number of detectable beams with serving cell for cell-edge UE: 4
· 50%-ile of the total number of detectable beams with serving cell for all UE: 13
In order not to have a comparable complexity with sub-6, number of detectable beams can be 10 and 6 for intra-frequency and inter-frequency respectively.
Proposal 4: For SSB based measurement in mmWave,


· UE is required to at least simultaneously monitor 8 identified cells and 10 identified beams in intra-frequency layer

· UE shall be capable of performing measurements of at least 4 identified cells and 6 identified beams per inter-frequency layer
4
Summary 
In this contribution, we provide our views on both the structure of UE measurement capability and the exact numbers, based on our simulations results in [2] and [3]. We have the following observations and proposals:
Observation 1: UE only needs to measure those SSBs that are detectable after cell search.
Observation 2: UE is at a better position to decide which SSBs to be measured in the next occasion.
Proposal 1: The structure of UE measurement capability is defined at least based on the number of beams per frequency.
Proposal 2: Both Option 2 and Option 3 in R4-1709909 can be considered in defining UE measurement capability.
Proposal 3: For SSB based measurement in sub-6,
· UE is required to at least simultaneously monitor 8 identified cells and 8 identified beams in intra-frequency layer

· UE shall be capable of performing measurements of at least 4 identified cells and 4 identified beams per inter-frequency layer

Proposal 4: For SSB based measurement in mmWave, 

· UE is required to at least simultaneously monitor 8 identified cells and 10 identified beams in intra-frequency layer

· UE shall be capable of performing measurements of at least 4 identified cells and 6 identified beams per inter-frequency layer
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