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1. Introduction
In last RAN1 and RAN4 meeting, some agreements were made for quality based measurement based on the SS blocks, duplicated as below,
	Agreements:

· For a SS-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement

· For a CSI-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement

· It is up to UE implementation how to select a set of RX beams to perform RRM measurement on a carrier

· Different sets of RX beams can be used in measurements based on different measurement objects

· Same set of RX beams shall be used in measurement of each TX beam based on a measurement object

· FFS

· Alt.1: Measurement to be reported shall be greater than average of measurements based on each RX beam in the selected set

· Alt.2: Measurement to be reported shall be the best among measurements based on each RX beam in the selected set

· Other alternatives are not precluded

Agreements:
· Candidate value(s) for SMTC window duration

· At least 1ms, 5 ms are supported

· FFS other values 

Agreements:
· At least for inter-frequency measurement, SS block based RSSI measurement resource(s) is confined within at most the measurement gap duration, e.g., 6 msec

· At least for inter-frequency measurement, SS block based interference measurement resource(s) is confined within at most the measurement gap duration, e.g., 6 msec

Agreements:
· Study further between the two alternatives on the type of the RSSI measurement resource in time domain: 

· Alt 1: RSSI is measured within the resource without considering whether the resource is DL or UL or both

· Alt 2: RSSI is measured only within the DL part

· Note: UE at least knows that the OFDM symbols corresponding to the SS block locations indicated in the RMSI is for DL

· Note: Identification of the DL part of a slot of a serving/selected cell for the RSRQ measurement purpose, if necessary, will follow the decisions from the control sessions

· Study further among the following alternatives on the configurability of the RSSI measurement resource in time domain: 

· Alt a: The resource is predefined in the spec

· Alt b: The resource is explicitly configured in the SI for IDLE mode measurements and in the RRC signaling for CONNECTED mode measurements

· Alt c: UE detects RSSI measurement resource

· Alt d: The resource is implicitly derived by other parameters in SI, e.g., the actually transmitted SS blocks indicated in RMSI

· To down select, consider applicability of these alternatives for inter & intra frequency measurements, IDLE & CONNECTED mode and initial cell selection




Based on RAN1 progress, it’s also an on-going discussion in RAN1 but it’s still worthwhile to share RAN4 understanding with RAN1 in this meeting. Some of the solutions also can be found in some contributions [1]-[2], and in this contribution we will continue the analysis based on the approved WF and the potential solutions in the previous contributions. 
2. RSRQ measurement in NR 
2.1. SS block based RSRQ definition

In [1], the new definition of RSRQ was proposed to be measured over a time duration, and this time duration will be derived from the SS symbol length and an upper bound, and some proposals from companies are summarized as below.
	Definition
	Synchronization Signal Reference Signal Received Quality (SSRQ) is defined as the ratio N×SSRP/(NR carrier RSSI), where N is the number of resource blocks of the NR carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

NR Carrier Received Signal Strength Indicator (SS-RSSI), comprises the linear average of the total received power (in [W]) observed over time duration TSS-RSSI starting from the first symbol in the slot containing the first SS block in the SS burst set where measurement is done and within the measurement bandwidth over N number of resource blocks by the UE from all sources including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. The time duration, TSS-RSSI, is defined as follows:

TSS-RSSI = MIN (TSS-RSSI-MAX, (K*M*TSS-slot))
Where:

· TSS-RSSI-MAX = (MGL -1) ms if gaps are used. Otherwise TSS-RSSI-MAX = 5 ms.

· MGL is the measurement gap length as defined in TS 38.133. It is expressed in ms.

· K =2 is the weighting factor to ensure sufficient number of data symbols are within TSS-RSSI,

· M is the number of slots configured for transmitting SS blocks within the SS burst set and

· TSS-slot is the duration of the slot carrying SS block. It is expressed in ms.

The reference point for the SSRQ shall be the union of all the antenna elements of the UE from which signals are combined by the UE for beamforming purposes.

If there are multiple possible sets of antenna elements whose signals the UE may combine, the reported value shall not be lower than the corresponding SSRQ of any of the individual sets.

	Applicable for
	RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency,

RRC_INACTIVE intra-frequency (TBD),

RRC_INACTIVE inter-frequency (TBD),

RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency.

	Note 1: NOTE 1: The union of the antenna elements that is used as the reference for the SSRQ may be interpreted as the antenna connector for a UE that supports measurements by applying known power levels at the antenna connector.


The RSSI measurement over a longer time period is helpful to count other signal/channel power besides SS blocks, and this also fit the purpose of RSRQ design in LTE. However, the time period proposed in [1] might need further discussion. The TSS-RSSI in [1] considered both with gap and without gap cases, and therefore we would like to analyze this time period case by case.
· RSSI estimation period without gap
If no gap is used during the RSSI estimation, the one of the upper bound for TSS-RSSI is set as 5ms. However, we already have detailed analysis in [2] to propose TRSSI= M*TSS-slot instead of using upper bound 5ms because the TRSSI  cannot be bigger than 5ms if K is set to a small value.  On the other hand, the weight factor “K” is proposed in [1] which is used to used to ensure that the RSSI is measured over at least certain number of data symbols, but it is difficult to define the physical meaning of this weight factor and also difficult to find a criteria for setting K. By using the slots which carried SSBs, there are already multiple symbols in those slots which carried data REs to reflect the load.

· RSSI estimation period with gap

In [1], for the cases which are using gap, the (MGL-1) is used as upper bound in the TRSSI equation, however in RAN1 agreement “At least for inter-frequency measurement, SS block based RSSI measurement resource(s) is confined within at most the measurement gap duration”; in our understanding the M*TSS-slot shall already covered by the measurement gap since network is aware of the SSB positions of the serving and neighbor cells and it also can configure a proper gap to cover all those SSBs for measurement, so there may be no need to add (MGL-1) as an upper bound of the TRSSI as long as all the TRSSI  shall be within the gap from network configuration. However, in some “special” cases, if network configure a short measurement gap to UE and this MGL cannot cover all the possible SSBs duration, then we may need this (MGL-1) as an upper bound for RSSI estimation period.
For the starting point of TRSSI, we would like to use “the first slot containing the first SS block in the SS burst set” instead of “the first symbol containing the first SS block in the SS burst set”, which may be easier for UE implementation and fit the mapping graphs from RAN1.

Based on the analysis above, we would like to re-propose the approach to define the TRSSI,
The RSSI measurement period, TRSSI , can be defined as:
TRSSI= M*TSS-slot  (if gap is not used)
TRSSI= min((MGL-1), M*TSS-slot )  (if gap is used)
Where,
M is the number of slots which can carry SS blocks within the SS burst set. It shall be noted that if two SS blocks can be located in one slot then it shall be counted as 1 slot for this M. For instance, if L=8 for SCS =15kHz(each slot can contain 2 SS blocks) and the bitmap for SS block mapping of target cell is “00001111”, the M=4 even though first four SS blocks are not available. TSS-slot is the duration of the slot which can carry the SS block. 
The following table is based on the mapping table in RAN1 agreements.

Table 1. Analysis for M*TSS-slot
	Frequency range
	SCS
	L
	M
	Tss-slot (ms)
	 TRSSI =M*TSS-slot 

	up to 3 GHz
	15 kHz
	4
	2
	1
	2ms

	up to 3 GHz
	30 kHz
	4
	2
	1/2
	1ms

	from 3 GHz to 6 GHz
	15 kHz
	8
	4
	1
	4ms

	from 3 GHz to 6 GHz
	30 kHz
	8
	4
	1/2
	2ms

	from 6 GHz to 52.6 GHz
	120 kHz
	64
	32
	1/8
	4ms

	from 6 GHz to 52.6 GHz
	240 kHz
	64
	32
	1/16
	2ms


Proposal 1: The RSSI measurement period, TRSSI , can be defined as:

TRSSI= M*TSS-slot  (if gap is not used)

TRSSI= min((MGL-1), M*TSS-slot )  (if gap is used)
Where,

· M is the number of slots which can carry SS blocks within the SS burst set. 
· TSS-slot is the duration of the slot which can carry the SS block. 
Proposal 2: The starting point of TRSSI is the first slot containing the first SS block in the SS burst set.
3. Conclusions

In this contribution we will continue the analysis based on the approved WF and the potential solutions in the previous contributions.
Proposal 1: The RSSI measurement period, TRSSI , can be defined as:

TRSSI= M*TSS-slot  (if gap is not used)

TRSSI= min((MGL-1), M*TSS-slot )  (if gap is used)
Where,

· M is the number of slots which can carry SS blocks within the SS burst set. 
· TSS-slot is the duration of the slot which can carry the SS block. 
Proposal 2: The starting point of TRSSI is the first slot containing the first SS block in the SS burst set.
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