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1 Introduction
The need for signal quality measurement was extensively discussed in the previous meetings [1-3]. A way forward to further investigate signal quality measurements based on SS block and CSI-RS was approved in the last meeting [4]. 
In this paper we further analyse SS based RSRQ type signal quality measurement for performing mobility in NR i.e. within NR and also between NR and LTE.  
2 Requirements of Signal Quality Measurement 
According to the approved WF [4], with regard to the SS based signal quality measurement:
· For SS block based measurement, investigate how to measure RSRQ and SINR, including
· Whether more data REs should be included in RSSI and how to include these data REs.
· How SS block SINR may be underestimated in the case of colliding SS blocks with very low interferer load
· Measurement definition of RSRQ and SINR
· Other aspects are not excluded.
The signal strength measurement such as RSRP cannot detect the interference situation in the target cell. Therefore in such interference limiting situation the use of signal strength also for mobility decision is insufficient. More specifically the signal quality measurement is used for the following mobility scenarios in LTE: 
· Triggering of measurements on non-serving carrier in idle state e.g. when serving cell RSRQ falls below threshold,

· Triggering of inter-frequency and/or inter-RAT measurements in RRC connected state e.g. triggering of measurements gaps, 

· Inter-frequency mobility e.g. handover between cells of serving and non-serving carriers.
· Mobility between serving carriers in CA e.g. swapping between PCell and SCell.

One main requirement of signal quality measurement (as its name imply) is its ability to reflect the cell quality or in other words interference in the measured cell. This is because one of the main use cases of signal quality measurements is to trigger a measurement procedure on a target carrier when interference on the serving carrier exceeds certain threshold. Otherwise the reception quality of the serving cell perceived at the UE after the handover will be degraded or will at least not improve. 
In NR the SS based signal quality (aka SSRQ) can be measured on SSS transmitted in the SS burst which contains multiple SS blocks. The SS burst is carrier specific information provided to the UE. Therefore to enable signal quality measurement based on SS burst the network has to provide carrier specific information to the UE.

The interference caused by common physical signals (e.g. PSS, NSS etc) and common channels (e.g. PBCH, SIBs) are practically static. However interference caused by control channel (e.g. PDCCH) and in particular data channel (e.g. PDSCH) varies as function of load in the cell (e.g. number of scheduled UEs and/or data rate per UE). Therefore in order to reflect true cell quality the interference component of the signal quality measurement should incorporate at least some of the interference caused by the resource elements which carry data channel. 

In NR, the SS blocks belonging to different cells operating on the same carrier frequency are likely to be at least partly time aligned or time synchronized. Furthermore NR-PSS and NR-SSS subcarriers (127 SCs) are contiguous in frequency domain. This means typically NR-SSS which will be used for RSRP will collide across cells on the same carrier. On the other hand in LTE, the symbols containing CRS, which are used for RSRQ, are neither contiguous in time nor the CRS subcarriers are contiguous in frequency domain. The subcarriers between CRS subcarriers can carry data and also control channels (in 1-4 symbols depending on BW). Therefore in LTE RSRQ measurement, the RSSI part measured in the CRS symbols, reflect cell quality. 
3 RAN1 Agreements related to SSB Structure
Before indulging in the SSRQ definition debate it is important to understand the SS block (SSB) structure and design. 

The SS block structure is not yet fully finalized by RAN1. But according to the latest RAN1 agreements in RAN1# 89 (May 2017 meeting), all the SS blocks within the SS burst set shall be transmitted within 5 ms window. The number of SS blocks (L) within the SS burst set depends on the frequency range. Another important agreement is that the first 1-4 symbols (depending on SS subcarrier spacing) in a slot will contain DL control channels. This means SS blocks within the SS burst set will be separated by symbols containing at least DL control channels. Furthermore, within one slot at most 2 SS blocks can be transmitted for all SS block SCS (RAN1#AH-NR2). These RAN1 agreements are shown below:
Agreements:(RAN1#89)
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity

· Within this 5 ms window, number of possible candidate SS block locations is L

· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges 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
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements

Agreements: (RAN1#89)
· For the possible SS block time locations following mapping is followed:

· In the mapping with 15 and 30 kHz subcarreir spacing, following requirements are met 
· At least [1 or 2] symbol are preserved for DL control at the beginning of the slot of 14 symbols

· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols

· Note: slot is defined based on SS subcarrier spacing
· At most two possible  SS block time locations are mapped to one slot of 14 symbols

· In the mapping with 120 kHz subcarreir spacing, following requirements are met 
· At least 2 symbol are preserved for DL control at the beginning of the slot of 14 symbols

· At least 2 symbols are preserved for e.g. guard period and UL control at the end of the slot of 14 symbols

· Note: slot is defined based on SS subcarrier spacing
· At most two possible  SS block time locations are mapped to one slot of 14 symbols

· In the mapping with 240 kHz subcarrier spacing across two consecutive slots, following requirements are met 
· At least 4 symbol are preserved for DL control at the beginning of the first slot of 14 symbols

· At least 4 symbols are preserved for e.g. guard period and UL control at the end of the second slot of 14 symbols

· Note: slot is defined by 240 kHz subcarrier spacing
· At most four possible  SS block time locations are mapped to two consecutive slots of 14 symbols each
· SS block does not cross the middle of the slot of 14 symbols defined by 15 kHz sub-carrier spacing

· Mapping of SS block time locations for NR unlicensed band operation is FFS

· Above agreements does not preclude 7 OFDM symbol slot operation
Agreements: (RAN1#AH-NR2 (June 2017)
· For 15k Hz, 30 kHz, and 120 kHz subcarrier spacing, the following mapping to slots in a half radio frame is agreed
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Figure 1: Non-contiguous SS blocks within SS burst set




While taking into consideration the above RAN1 agreements as an example for SS block size, L = 4, the SS block transmission within an SS burst set (i.e. 5 ms) will look like as shown in figure 1.
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4 Proposed SSRQ Measurement Definition in NR
In SSRQ, the RSRP part shall obviously be measured on SSS transmitted in any one or more SS blocks. However to ensure that the NR carrier RSSI incorporates sufficient contributions from resource elements which can carry data channel it is proposes that the RSSI part is measured over time duration (TRSSI) starting from the first symbol in the slot containing the first SS block in the SS burst set in where the measurement is done as follows:

TRSSI = MIN (5 ms, M*L*TSS-symbol)

Where:

· M is the number of number of symbols in the SS blocks, where M = 4 (PSS, SSS and 2 PBCH symbols)
· L is the maximum number of SS blocks within the SS burst set. L depends on carrier frequency of the cell.

· TSS-symbol is the duration of the symbol in the SS block. This depends on subcarrier spacing of SS block. 

Assuming M= 4, TRSSI = MIN (5 ms, 4*L* TSS-symbol). Examples of for different combination of parameters related to the SS block for maximum value of L is shown in table 1. The table shows that the maximum duration shall be much less than 5 ms even when the value of L is configured to be maximum. In case the configured value of L is shorter than the maximum value then the TRSSI will even be smaller. However for consistent measurement results we suggest that the maximum value of L for the corresponding frequency range is always used by the UE. This approach will also be simpler for the UE implementation. 
Table 1: Summary of parameters for deriving duration of RSSI measurement

	Frequency range (F) (GHz)
	SS block SCS (KHz)
	Number of SS block per SS burst set (L) 
	SS symbol duration including CP (µs)
	RSSI measurement duration (TRSSI) ( ms)

	F ≤ 3
	15
	4
	71.43
	1.14

	F ≤ 3
	30
	4
	35.71
	0.57

	3 < F ≤ 6
	30
	8
	35.71
	1.14

	6 < F ≤ 52.6
	120
	64
	8.93
	2.3

	6 < F ≤ 52.6
	240 
	64
	4.465
	1.14

	Note: Number of symbols within SS block = 4 is assumed.


Based on the above analysis the proposed definition of SSRQ is shown in table 2.

Table 2: Proposed SSRQ definition


	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.


5 Summary
In this paper we have further discussed the definition of SS based signal quality measurement (SSRQ) for mobility in NR.  The following are the main proposals:
· Proposal # 1: Signal quality measurement (SSRQ) for mobility in NR is defined as a ratio of SSRP to NR carrier RSSI. In principle the definition is similar to LTE RSRQ.

· Proposal # 2: The measurement duration of NR carrier RSSI part of the NR SSRQ includes at least certain number of symbols containing data channel to reflect the signal quality/interference in the measured cell.

A draft LS to RAN1 and RAN2 is provided in [5].
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