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Introduction
[bookmark: OLE_LINK272][bookmark: OLE_LINK273]In the last meeting, the following agreements on CSI-RS for L3 mobility have been made in RAN1 [1]. 
	In RAN1 meeting #NR-AH2
Agreements:
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR
· Configurable periodicity (as already agreed)
· {5, 10, 20, 40, [80, 160]} ms are supported
· This does not mean periodicity will be configured per CSI-RS resource
· Configurable transmission bandwidth (as already agreed)
· FFS candidate values
· Configurable measurement bandwidth (as already agreed) and frequency location
· At least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported
· FFS other candidate values for wider bandwidth for each SCS
· Measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported
· Configurable parameters for sequence generation 
· Configurable numerology
· For each frequency range, subcarrier spacing values applicable to data, CSI-RS for beam management and SS block in the frequency range are supported
· Association between CSI-RS for RRM measurement and SS block
· It is assumed that property of spatial QCL between SS block and CSI-RS for beam management will be reused
· Configurable CSI-RS time/frequency resource (as already agreed)
· CSI-RS design including RE mapping and density for beam management is assumed as baseline
· Note that above properties are relevant for RAN4 RRM measurement evaluations and not intended to be an exhaustive list of properties

In RAN1 meeting #89
Agreements:
· RAN1 does not see the need to support cell-specific configuration for CSI-RS for RRM measurements

Agreements:
· RAN1 studies the following methods for a CONNECTED UE to obtain parameters for CSI-RS for L3 mobility:
· Method 1: Configuration of a parameter that is valid for one CSI-RS resource
· Method 2: Configuration of a parameter, e.g. periodicity, that is valid for all CSI-RS resources on a carrier frequency
· Method 3: UE derives a parameter that is valid for all CSI-RS resources associated with detected cells on a carrier frequency, at least partly, from the cell ID
· Method 4: Configuration of a parameter, e.g. periodicity, scramble ID (if specified), UE (group) ID (if specified), virtual cell ID (if specified), that is valid for a group of CSI-RS resources on a carrier frequency
· Method 5: NW provides a parameter that is valid for CSI-RS resources associated with detected cells on a carrier frequency, e.g. based on UE measurement reporting
· Other methods are not precluded
· Different parameters may be obtained by different methods.
· Note: "configuration" above means UE specific configuration by RRC signaling



In this paper we discuss the methods to obtain CSI-RS configuration parameters, inter-frequency measurement for CSI-RS based measurements, and timing configuration of CSI-RS for L3 mobility.
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]The method to obtain configuration parameters
It is agreed that RAN1 does not see the need to support cell-specific configuration for CSI-RS for RRM measurement, and the configuration parameters of CSI-RS for L3 mobility are signaled via dedicate signaling. In the mean time, RAN2 has agreed that the use of CSI-RS for RRM and the CSI-RS configurations will be provided in the measurement object.
One issue still open is whether CONNECTED UE needs to report CSI-RS RSRP for detected cells, which are the cells not listed in the signaling package of measurement object but detected by UE. However, if the configuration parameters can be obtained from detected cell-ID (Method 3), it is cell-specific configuration, and RAN1 does not see the need to support cell-specific configuration for CSI-RS for RRM measurement. 
On the other hand, if configuration parameters are derived from detected cells, UE may try to measure non-existing CSI-RS, because CSI-RS is not always on. Beside, the false alarm rate of cell detection would introduce some non-existing cells. UE is not able to measure the non-existing CSI-RS, and it increases UE complexity.
Observation 1: If the configuration parameters can be obtained from detected cell-ID (e.g. Method 3 & Method 5), then it is cell-specific configuration, and RAN1 does not see the need to support cell-specific configuration for CSI-RS for RRM measurement.
Observation 2: Measuring CSI-RS with parameters derived from detected cells will increase UE complexity. 
Proposal 1: Parameters derived from detected cells for CSI-RS are not supported.

Considering the numerologies of CSI-RS from different cells could be different, it is unlikely all configuration parameters are valid for all CSI-RS resources on a carrier frequency. Therefore, the baseline method to obtain parameters should be Method 1: Configuration of a parameter that is valid for one CSI-RS resource. However, some configuration parameters could be common for a set of CSI-RS to save signaling overhead, e.g. cell ID, periodicity, QCL assumption. 
Observation 3: The numerologies of CSI-RS from different cells could be different, so it is unlikely all configuration parameters are valid for all CSI-RS resources on a carrier frequency.
Proposal 2: As a baseline, configuration parameters of CSI-RS for L3 mobility are valid for one CSI-RS resource. Certain parameters can be common for a set of CSI-RS, e.g. cell ID, periodicity, QCL assumption.
CSI-RS Measurement Configuration Remaining Issues 
In this section, we further discuss the remaining issues on CSI-RS measurement configuration, including
· Timing Configuration for CSI-RS
· Inter-frequency measurement on CSI-RS

Using CSI-RS has some fundamental differences to SS block. In the following, we try to list some of them.
At the very first step, UE still needs to SS block for cell detection and to provide course synchronization of the timing and frequency. In our view, CSI-RS related processing is done in frequency domain (after FFT), which means the timing error should be at least within CP and the frequency error should also be controlled under a certain level compared with SCS. In other words, it is highly unlikely to have standalone CSI-RS which can be measured without any SS block. Furthermore, since UE’s clock drifts with time, the synchronization information provided by SS block has a finite valid time. In the cases of inter-frequency measurement, this means that UE prefers to measure the CSI-RS on a frequency as early as possible after UE finishes the measurement/processing on the SS block on that frequency.
[bookmark: _Ref489902034]Observation 4: UE needs SS block to provide cell detection and course synchronization of the timing and frequency in order to measure CSI-RS.

UE needs TTI of SS block as a reference to derive the timing of CSI-RS. This was agreed in RAN1#88 meeting, as captured below. So far, there are still some unknown detail about how the timing configuration of CSI-RS is indicated to UE, e.g., through TTI index or a fix offset to a QCL-ed SS block. In either way, UE needs to first decode the PBCH in the SS block for the information about either frame/slot of the cell or the timing index of a SS block. 
	Agreements:
· The time synchronization reference for a CSI-RS for L3 mobility is the frame/slot/symbol timing of a cell.
· Note: The frame/slot/symbol timing of the cell can be obtained from an SS block
· FFS: Note: timing synchronization between CSI-RS and SS block of the cell is assured. Timing synchronization refers to frame/slot/symbol timing.
· NR cell ID for time reference of CSI-RS(s) is informed to the UE


[bookmark: _Ref489902043]
Observation 5: UE needs SS block to provide TTI reference in order to measure CSI-RS.

Timing Configuration for CSI-RS
The timing configuration for CSI-RS could be the following options
Option 1: The timing offset of CSI-RS is configured as subframe and slot offset. And the CSI-RS time/frequency resource within a slot can be further configured by resource configuration.
Regarding the Option 1, UE needs to know the frame timing to perform CSI-RS measurement. However, in the inter-frequency measurement, UE may not know the frame timing of the cells at other frequency range. 

Option 2: The timing offset of CSI-RS is configured as the slot offset to the associated SS block. And the CSI-RS time/frequency resource within a slot can be further configured by resource configuration.
Regarding the Option 2, UE may not require the frame timing to perform CSI-RS measurement. UE needs to know the time index of SS block to perform CSI-RS measurement based on the associated SS block, and the frame timing may not be necessary.
However, for some deployment, e.g. multi-TRP cell, the CSI-RS may not be associated to certain SS block. 

Option 3: The timing offset of CSI-RS is configured as the slot offset to the beginning of SS burst transmission. And the CSI-RS time/frequency resource within a slot can be further configured by resource configuration.
Regarding the Option 3, UE needs to know the time index of SS block to derive the beginning of SS burst transmission, and UE is able to perform measurement on CSI-RS based on the configured offset. 
Therefore, based on above discussion, Option 3 is preferred.
Proposal 3: The timing offset of CSI-RS is configured as the slot offset to the beginning of SS burst transmission. And the CSI-RS time/frequency resource within a slot can be further configured by resource configuration.

Inter-frequency measurement on CSI-RS
CSI-RS based measurement is also possible for inter-frequency case. Although the exact signaling structure of measurement object (MO) is still under discussing in RAN2, e.g., SS block and CSI-RS on the same frequency will share the same MO or not. It is believed that corresponding information, such as slot/symbol index, measurement bandwidth and RE locations and Cell ID, should be signaled to UE in order to perform CSI-RS based measurement. Based RAN1 and RAN2 discussion so far, the slot/symbol of different CSI-RS configurations can be arbitrary values. 
[bookmark: _Ref489902046]Observation 6: CSI-RS configuration can be provided through measurement object for the purpose of inter-frequency measurement. 

So far, RAN4 only has progress on measurement gap for SS block [2], as captured below. 
	· MGL:
· For SS block based cell identification and measurement, 6ms MGL is used as baseline 
· The requirement shall apply provided that at least the subset of measurement gap contains the 5ms window of SS blocks;
· CSI-RSRP measurement FFS
· MGRP
· 40ms, 80ms could be a starting point for defining MGRP in NR
· For NSA, MGRP for NR measurement shall not be smaller than 40ms.



However, there is no agreement on the measurement gap for CSI-RS. We believe that gap is certainly needed in inter-frequency measurement cases, no matter for SS block or CSI-RS. Since it is desired to have a finite measurement gap length also for inter-frequency CSI-RS measurement, it is reasonable that those CSI-RSs are also confined in a burst structure like SS block. Otherwise, it will be very difficult to design a suitable measurement gap for CSI-RS. Two examples are provided in Figure 1, where all cells in frequency 1 have a burst structure for CSI-RS, while in frequency 2 the CSI-RSs come in distributed pattern in time.  
[bookmark: _Ref489902055]Observation 7: It is reasonable that the CSI-RSs are also confined in a burst structure to accommodate the gap-assisted measurement for inter-frequency cases. 

[image: ]
[bookmark: _Ref489129523]Figure 1. Examples for the impact of different CSI-RS pattern to the design of measurement gap. 

From above discussion, we see the need to discuss the measurement gap for CSI-RS, which we expect to be confined within a burst in time domain. (Note that CSI-RS for beam management and CSI acquisition do not have such a limitation) Therefore, for a UE which is configured to perform both SS block based and CSI-RS based measurement, there are at least 3 options that can be considered for measurement gap design: 

Option 1: Two independent measurement gap configurations: one for SS block and the other for CSI-RS. One example is provided in Figure 2. This options has the advantage of better flexibility for CSI-RS configuration and perhaps shorter gap, when there is not many CSI-RS configurations. One drawback is that UE anyway needs SS blocks for information like detected cell, slot/symbol reference, as well as course timing and frequency offset of a target cell before measuring CSI-RS. More complicated scheduling is required by UE to avoid those information become invalid as time goes by. Furthermore, more RF tuning time is required for two gaps which also leads to more interruption in UE reception.
[image: ]
[bookmark: _Ref489129533]Figure 2. Example of Two independent measurement gap configurations for SS block and CSI-RS based measurements.

Option 2: Same measurement gap configuration: Each gap is used for only SS block based measurement or only CSI-RS based measurement. One example is provided in Figure 3. The advantage of this options is no degradation of scheduling opportunity of the UE on serving cells and neither the need of additional RF tuning overhead. However, it shares not only the same drawbacks as Option 1, but also has the problem of longer measurement delay.
[image: ]
[bookmark: _Ref489130106]Figure 3. Example of single measurement gap configuration for SS block and CSI-RS based measurements: Each gap is used for only SS block based measurement or only CSI-RS based measurement
Option 3. Same measurement gap configuration: Each gap is shared by both SS blocks and CSI-RSs. One example is provided in Figure 4. The advantages are that there is no additional overhead for RF re-tuning time and that the SS blocks can provide all information that are needed for CSI-RS and are absolutely valid within the same gap. However, one disadvantage of this option is less flexibility for CSI-RS configuration. Also, one concern on this option is the capacity for carrying the number of CSI-RS in the remaining slots in the same 5ms window.
[image: ]
[bookmark: _Ref489130701]Figure 4. Example of single measurement gap configuration for SS block and CSI-RS based measurements: Each gap is shared by both SS blocks and CSI-RSs

From a viewpoint of a UE vendor, Option 3 is preferred which allows measurements on both SS block and CSI-RS to be performed within the same gap. This will ease the effort of UE on handling the information like detected cell, slot/symbol reference, timing offset and frequency offset across different gaps, especially when UE is moving with high mobility.
Proposal 4: Confine CSI-RS for L3 mobility also within the same gap with SS block.
Capacity of 5ms window of SS block in terms of CSI-RS configuration
The main concern of Option 3 is the capacity: how many CSI-RS configurations can be added in to the 5ms window which is already occupied by SS blocks. In this section, we investigate this issue.
In our opinion, the answer would depend on at least the following parameters:
· The number of remaining slots in 5ms window. RAN1 has agreed the mapping of slots with SS blocks in a half radio frame, as provided in Appendix 1 [1]. Therefore the remaining slots left for CSI-RS is different under different scenarios, as summarized in Table 2, L is he max number of SS blocks in the 5ms window agreed in RAN1#89 meeting and is also the max number of analog beams.
[bookmark: _Ref489131739][bookmark: _Ref489901675]Table 1 Number of remaining slots in different scenarios
	SCS
	L
	# of remaining slots (14 OFDM symbols)

	15
	4
	3

	
	8
	1

	30
	4
	8

	
	8
	6

	120
	64
	8

	240
	64
	48



· CSI-RS density (D) [1]. With a larger number of D, there are less number of CSI-RS that can put in the 5ms slot. With D=1, 2, 3, 4, and 6, there are at most 12, 6, 4, 3 and 2 CSI-RS configurations that can be allocated in the same OFDM symbol, respectively.
	Agreements:
· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management
· Value of D>=1 represents RE/RB/port within an OFDM symbol.



We also adopt the following assumptions in our analysis:
· CSI-RS transmitted from different cells can share the same time/frequency resource (RE). In LTE, ZP-CSI-RS is used in neighboring cell to protect CSI-RS from interference. However, in NR, this could be unnecessary because of the additional spatial dimension: beam. A network deployment can control the interference from neighboring cell CSI-RS via arranging proper beam directions and symbol time of individual CSI-RS. 
· CSI-RSs that are transmitted in the same OFDM symbol should share the same analog beam. Each SS block is mapped to one specific analog beam. And we further assume that the (analog+digital) beam formed through CSI-RS is always within one of the analog beam formed by a SS block.
· We assumed TDM between SS block and CSI-RS. FDM is not considered here, because some of the CSI-RS REs will be punctured by SS block. 
· For a slot that carries SS blocks, not all OFDM symbols are occupied by PSS, SSS and PBCH. There are symbols reserved for DL control, GP and UL control, and there are also some empty symbols neither occupied nor reserved. For simplicity, here we assume those empty symbols are not used for CSI-RS.
· For the remaining slots without SS block, we assume 2 OFDM symbols are reserved for DL and 2 OFDM symbols are reserved for UL. Therefore, there 10 symbols available in a slot for allocating CSI-RS.  
· We assume same numerology between SS block and CSI-RS. For SS block at SCS=240KHz, we assume CSI-RS be at SCS=120KHz.

Based on above assumptions, we can have Table 2, extended from Table 1, where 
· Number of remaining symbols for CSI-RS (B) = A * S.
· Number of CSI-RS analog beams per SS block (C) = floor (B / L).
· max number of CSI-RS configurations per SS block (D) = C * K 
· Number of CSI-RS configurations that can be allocated in the same OFDM symbol (K) = 12, 6, 4, 3 and 2 for D=1, 2, 3, 4, and 6, respectively.
· Number of symbols available in a slot for allocating CSI-RS (S) = 10.
[bookmark: _Ref489132855][bookmark: _Ref489901505]

Table 2 number of CSI-RS configurations available for remaining slots
	SCS
	L
	# of remaining slots (A)
	# of remaining symbols for CSI-RS (B)
	# of CSI-RS analog beams per SS block (C)
	# of CSI-RS configurations per SS block (D)

	
	
	
	
	
	D=1
	D=2
	D=3
	D=4
	D=6

	15
	4
	3
	30
	7
	84
	42
	28
	21
	14

	
	8
	1
	10
	1
	12
	6
	4
	3
	2

	30
	4
	8
	80
	20
	240
	120
	80
	60
	40

	
	8
	6
	60
	7
	84
	42
	28
	21
	14

	120
	64
	8
	80
	1
	12
	6
	4
	3
	2

	240
	64
	24
	240
	3
	36
	18
	12
	9
	6



From Table 2, we see that the cases with the most limited CSI-RS configurations are SCS=15KHz with L=8 and SCS=120KHz with L=64. In this cases, we can still have at least 12, 6, 4, 3 and 2 of CSI-RS configurations per beam for D = 1, 2, 3, 4 and 6, respectively. Considering that the number of CSI-RS configurations needed for L3 mobility is less than the number needed for beam management and CSI acquisition. We think it is still fine to confine CSI-RS in the same 5ms window as SS blocks.
[bookmark: _Ref489902058]Observation 8: When the maximum number of beam is adopted by a cell, there are at least 12, 6, 4, 3 and 2 CSI-RS configurations per beam for D =1, 2, 3, 4 and 6, respectively.
Conclusion
In this contribution, we provided more discussion on aspects related to RRM measurements based on CSI-RS for L3 mobility. Based on the discussion, the following proposals are given for consideration.
Observation 1: If the configuration parameters can be obtained from detected cell-ID (e.g. Method 3 & Method 5), then it is cell-specific configuration, and RAN1 does not see the need to support cell-specific configuration for CSI-RS for RRM measurement.
Observation 2: Measuring CSI-RS with parameters derived from detected cells will increase UE complexity. 
Proposal 1: Parameters derived from detected cells for CSI-RS are not supported.
Observation 3: The numerologies of CSI-RS from different cells could be different, so it is unlikely all configuration parameters are valid for all CSI-RS resources on a carrier frequency.
Proposal 2: As a baseline, configuration parameters of CSI-RS for L3 mobility are valid for one CSI-RS resource. Certain parameters can be common for a set of CSI-RS, e.g. cell ID, periodicity, QCL assumption.
Observation 4: UE needs SS block to provide cell detection and course synchronization of the timing and frequency in order to measure CSI-RS.
Observation 5: UE needs SS block to provide TTI reference in order to measure CSI-RS.
Proposal 3: The timing offset of CSI-RS is configured as the slot offset to the beginning of SS burst transmission. And the CSI-RS time/frequency resource within a slot can be further configured by resource configuration.
Observation 6: CSI-RS configuration can be provided through measurement object for the purpose of inter-frequency measurement. 
Observation 7: It is reasonable that the CSI-RSs are also confined in a burst structure to accommodate the gap-assisted measurement for inter-frequency cases. 
Proposal 4: Confine CSI-RS for L3 mobility also within the same gap with SS block.
Observation 8: When the maximum number of beam is adopted by a cell, there are at least 12, 6, 4, 3 and 2 CSI-RS configurations per beam for D =1, 2, 3, 4 and 6, respectively.
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Appendix 1: 
Agreements:
· For 15k Hz, 30 kHz, and 120 kHz subcarrier spacing, the following mapping to slots in a half radio frame is agreed
· Note: For NR and LTE coexistence, duplex direction alignment can be achieved by subframe offset
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