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1 Introduction
In the last RAN4 meeting the need for signal quality measurement for mobility purpose was discussed and initially discussed [1]. There was agreement on the type and definition of the signal quality measurement for NR. However in the RRM way forward it was agreed to further study and analyse signal quality measurement for NR [2]. 

In this paper we further analyse feasibility of the signal quality measurement for performing mobility in NR (i.e. within NR, between NR and LTE and also between NR and other RATs in future) as well as the definition of such metric.  
2 RAN1 Agreements on Mobility Measurements
According to the RAN1 agreements on mobility related measurements in RAN1#88 meeting (April 2017) the following two mobility measurements have been agreed:

· SS block based RSRP and

· CSI-RS based RSRP i.e. CSI-RSRP
Agreements (DL RSRP for L3 mobility):
· Clarify previous RAN1 agreements on the RSRP definition for DL RRM measurements for L3 mobility as follows

· Define SS block RSRP and CSI-RS RSRP as

· SS block RSRP : measured RSRP from SSS

· FFS additional use of PBCH-DMRS for measurement 

· CSI-RS RSRP : measured RSRP from CSI-RS in connected mode
3 Background: Signal Quality Measurement for Mobility 
The agreed NR mobility related measurements (SS RSRP and CSI-RSRP) are signal strength measurements. But RAN1 has not agreed any signal quality measurement for mobility in NR. 

In LTE, RSRQ which is a signal quality measurement was introduced in Rel-8 for mobility in RRC connected state and in Rel-9 for mobility in RRC idle state. The RSRQ definition has also been evolved over time. For example in later releases (e.g. in Rel-11) the RSRQ was modified to measure RSSI measurement over all symbols of the subframe to better adapt for some features such as (eICIC, FeICIC, LAA).  

In LTE RSRQ is not suitable for all scenarios and system load. For example RSRQ is less reliable at higher Es/Iot since RSSI also includes contributions from the serving cell. 

Therefore in LTE another signal quality RS-SINR, which is SINR measured on the CRS, was introduced in Rel-13. It only applies to RRC connected state. RS-SINR can better represent data RE signal quality in synchronized network with non-colliding CRS (i.e. when CRS collides with data RE of other cells). But RS-SINR has slightly worse accuracy than that of RSRQ at higher Es/Iot i.e. ≥ -3 dB.

The main use case 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 will be degraded and also handover to another cell on the serving carrier will not improve the reception quality. As signal strength measurement cannot detect the interference component, therefore in such situation signal strength alone is insufficient for appropriate mobility decisiosn. 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.
4 Challenges of Signal Quality Measurement in NR

NR will also support mobility scenarios and use cases which are similar to those exist in LTE. We therefore believe that some sort of quality based measurement metric is also required in NR. 

In NR the signal quality can be measured on SS transmitted in 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.
Under the assumption that the signal quality in NR is measured on SS signals, the equivalent of LTE RSRQ and LTE RS-SINR in NR would be synchronization signal received quality (SSRQ) and synchronization signal SINR (SS-SINR) respectively. 

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 cell. 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. 
5 Proposed Signal Quality Measurement Definition in NR

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. For example assuming L = 4, the SS structure in an SS burst set will look like as shown in figure 1. 
Agreements:
· 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:
· 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
One possibility is to specify SSRQ or SS-SINR. Another option is that both SSRQ and SS-SINR are specified in NR. Yet another option is to define an entirely new kind of signal quality measurement which is best suited for NR mobility uses cases. 

[image: image2.png]L=4, 55 blocks per
SSburst set - Non-SS signals e.g. PDCCH, PDSCH ete

--SS burst set periodicity-

_Max S burst set
duration=5ms

Figure 1: Non-contiguous SS blocks within SS burst set




Firstly we propose that the RSRQ based signal quality measurement is defined in NR i.e. SSRQ. This is because the alternative measurement, SS-SINR, due to collision of SSS among cells on the same carrier, will reflect the worst case signal quality in the cell i.e. when cell is fully loaded. 

In SSRQ, the RSRP part shall be measured on SSS transmitted in any one or more SS blocks. However to ensure that RSSI incorporates sufficient contributions from resource elements which can carry data channel, we propose that RSSI is measured over time duration (TRSSI) starting from the first symbol containing the first SS block in the SS burst set as follows:
TRSSI = Max (5 ms, 2*M*L*TSS-symbol)
Where:

· M is the number of number of symbols in the SS blocks. This is likely to be a fixed number defined in RAN1 specification. 

· 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. 

· A factor of 2 is assumed to ensure that the RSSI is measured over at least certain number of data symbols.

Assuming M= 4, TRSSI = 8*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 maximum. In case the configured value of L is shorter than the maximum value then the TRSSI will even be smaller. 
Table 1: Summary of parameters for deriving duration of RSSI measurement
	Frequency range (F) (GHz)
	Number of SS block per SS burst set (L) 
	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
	0.22

	F ≤ 3
	30
	4
	35.71
	0.11

	3 < F ≤ 6
	30
	8
	35.71
	0.22

	6 < F ≤ 52.6
	120
	64
	8.93
	0.46

	6 < F ≤ 52.6
	240 
	64
	4.465
	0.11

	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


	Higher layers indicate which OFDM symbols the NR-RSRQ is to be measured on. 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.
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 testing by applying known power levels at the antenna connector.


6 Summary
Until now RAN1 has only agreed to introduce signal strength measurements (SS based RSRP and CSI-RS based CSI-RSRP) for mobility in NR. In this paper we have discussed the need for specifying signal quality measurement similar to RSRQ for mobility in NR.  We have also provided analysis and proposed definition of SSRQ in NR. The following are the main proposals:
· Proposal # 1: Signal quality measurement (SSRQ) for mobility in NR which is similar to LTE RSRQ is defined in NR.
· Proposal # 2: The measurement duration of RSSI part of the NR SSRQ includes at least certain number of symbols containing data channel to reflect cell quality.
7 References

[1] RP-1705323, “Signal Quality Measurement for Mobility in NR”, Ericsson.
[2] RP-1704806, “Way forward for NR RRM”, Ericsson.
PAGE  
5

[image: image1]