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1. Introduction
In RAN4 AH #NR2, a WF[1] was approved for quality based measurement based on the SS blocks,
	· RAN4 intention is to introduce quality based measurement metric for NR.
· Posssible candidates are:
· RSRQ
· SINR
· Other options not excluded
· 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.


Some of the solutions also can be found in some contributions [2][3][4], 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. LTE RSRQ definition

The definition of RSRQ in LTE in as below,

	The reference point for the RSRQ shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRQ of any of the individual diversity branches.
	

	Applicable for
	RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


As also disclosed in [2][3], the RSSI will be dependent on the target cell load since all the data RE, reference RE, interference and noise will be counted in, in the other word the RSSI might be impacted by the cell load situation instead of reference signal power, which could be also considered partially as the real time interference (from all the possible channels but not only the reference signals). The drawback of RSRQ is also obvious: the target cell RSRQ will be varied accordingly if the loads of intra-frequency neighbour cells changed, even though the real SINR condition is not changed for target cell. But in some sense, the real time interference may be also related with the load situation in the neighbour cell, and RSSI estimation is much easier than interference estimation from UE perspective. So we would like to accommodate RSRQ definition into NR.   
2.2. SS block based RSRQ definition

In order to accommodate the RSRQ definition as much as possible into NR, we need to consider the SS block design and pattern. The RSRP in NR will be most likely derived from the SSS and/or PBCH DMRS, since RAN1 had some conclusion in last RAN1 AdHoc meeting,
	Agreement: A fixed power offset defined in the specification shall be adopted between SSS and PBCH DMRS per frequency band


The main challenge is how to define the RSSI. In [2], the RSSI 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 5ms (SS window), and the proposed definition in [2] is as below.

	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.


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 [2] might need further discussion. Based on the RAN1 conclusions as below, 
	· Subcarrier spacings for PSS/SSS for difference freq. ranges: 15kHz/30kHz for below 6 GHz, and 120kHz/240kHz for above 6 GHz

· Note: RAN1 assumes that RAN4 will decide it depending on frequency ranges

· 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


we can have an analysis table, which is also mentioned in [2]; 

Table 1. Analysis for available SS symbols length
	Frequency range
	SCS
	Symbol in SS blocks (M)
	L
	SS symbol length Tss-symbol (ms)
	Max SS symbols length(ms) (M*L* Tss-symbol)

	up to 3 GHz
	15 kHz
	4
	4
	X =1/14
	16/14

	up to 3 GHz
	30 kHz
	4
	4
	X/2
	8/14

	from 3 GHz to 6 GHz
	15 kHz
	4
	8
	X
	32/14

	from 3 GHz to 6 GHz
	30 kHz
	4
	8
	X/2
	16/14

	from 6 GHz to 52.6 GHz
	120 kHz
	4
	64
	X/8
	32/14

	from 6 GHz to 52.6 GHz
	240 kHz
	4
	64
	X/16
	16/14


As the methodology proposed in [2], we also assume the RSSI measurement period as TRSSI=Min(5ms, K*M*L* Tss-symbol)  here. However, K=2 (it’s proposal in [2]), the K*M*L*Tss-symbol will always be smaller than 5ms because the biggest value of K*M*L*Tsymbol is 2*32/14 = 4.57ms, and therefore in case of K=2 the upper bound of 5ms will not be reached.
Observation1: the upper bound of 5ms in Min(5ms, K*M*L*Tss-symbol) will never be reached.
On the other hand, we also need to check if the RSSI measurement period can cover the SS block of target cell, that is, the period of RSRP measurement shall be at least included in the RSSI measurement period. The SS block mapping to slots in a half radio frame was agreed as below,
	· For 15 kHz, 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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· For 240 kHz subcarrier spacing, the following mapping slot in a half radio frame is agreed
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For example, if the SCS=120kHz, the SS block will distributed uniformly in the 5ms, and the mapping rule agreed in RAN1 is as below,

	· In the mapping with 120 kHz subcarreir spacing, following requirements are met 
· At least 2 symbols 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


If the starting point of TRSSI  is assumed as “the first symbol containing the first SS block in the SS burst set” [2], the time span from first SS block symbol to the last SS block symbol might be 4.875ms- 4* Tss-symbol = 4.875 – 4/(14*8) = 4.839ms, and K=2, the TRSSI = 2*32/14=4.571ms. This means the RSSI measurement period may not cover all SS blocks of target cell.
Observation2: the RSSI measurement period may not cover all SS blocks of target cell.
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 propose a new approach to define the TRSSI,
The RSSI measurement period, TRSSI , can be defined as:
TRSSI=Min(5ms, k*M*TSS-slot)

Where,
M is the number of slots which carry SS blocks within the SS burst set. It shall be noted that if two SS blocks are located in one slot then it shall be counted as 1 slot for this M. 

k is a weight factor which need FFS, and k is used to ensure that the RSSI is measured over at least certain number of data symbols, as similar purpose in [2], e.g. k= 1.5.

TSS-slot is the duration of the slot carried the SS block. 
The following table is based on the mapping table in RAN1 agreements.

Table 2. Analysis for k*M*TSS-slot
	Frequency range
	SCS
	L
	M
	Tss-slot (ms)
	k*M*TSS-slot (k=1.5)
	TRSSI

	up to 3 GHz
	15 kHz
	4
	2
	1
	3ms
	3ms

	up to 3 GHz
	30 kHz
	4
	2
	1/2
	1.5ms
	1.5ms

	from 3 GHz to 6 GHz
	15 kHz
	8
	4
	1
	6ms
	5ms

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

	from 6 GHz to 52.6 GHz
	120 kHz
	64
	32
	1/8
	6ms
	5ms

	from 6 GHz to 52.6 GHz
	240 kHz
	64
	32
	1/16
	3ms
	3ms


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

TRSSI=Min(5ms, k*M*TSS-slot)

Where,

· M is the number of slots which carry SS blocks within the SS burst set. 
· k is a weight factor to ensure that the RSSI is measured over at least certain number of data symbols, e.g. k=1.5.

· TSS-slot is the duration of the slot carried the SS block. 
Proposal 2: The starting point of TRSSI is the first slot containing the first SS block in the SS burst set.
Besides the RSSI estimation in time domain, we also need to think about the frequency domain RSSI estimation if the SS blocks are distributed in the full system BW. Since the RSRP of SS blocks for a cell is likely to use the averaging in the frequency domain if the SS blocks are distributed in the system BW, then we also propose to estimate the RSSI on all measurement BWs where RSRP of SS blocks are measured if the Tx beamforming of those SS blocks are same, which is as shown in figure 1. 
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Figure 1. Frequency domain RSSI estimation

Proposal 3: RSSI estimation/averaging for the target cell may be performed on all measurement BWs where the SS block RSRP of this target cell are measured if the Tx beamforming of those SS blocks are same. 
3. SINR measurement in NR 

3.1. LTE SINR definition

The LTE SINR definition is defined as below,

	Definition
	Reference signal-signal to noise and interference ratio (RS-SINR), is defined as the linear average over the power contribution (in [W]) of the resource elements carrying cell-specific reference signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying cell-specific reference signals within the same frequency bandwidth. 

For RS-SINR determination, the cell-specific reference signals R0 according TS 36.211 [3] shall be used. 

The reference point for the RS-SINR shall be the antenna connector of the UE.
If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RS-SINR of any of the individual diversity branches. 
If higher-layer signalling indicates certain subframes for performing RS-SINR measurements, then RS-SINR is measured in the indicated subframes.

	Applicable for
	RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


SINR is designed to be irrelevant with the cell load, which may reflect the worst case of the interference. So the drawback of the SINR is also obvious: in some cases the SINR measurement results may underestimate the real channel condition of target cell if the interference cells have actually low load. But as pointed out in [3], we also think that RSRQ and SINR are two dimensions for network evaluation and may be used for different purposes. As a worst interference condition can be observed from SINR, it may be beneficial to use it as network planning/optimization or coverage hole localization. There is no strong reason to say which one is better between RSRQ and SINR.

3.2. SS block based SINR definition

Unlike RSRQ, the SINR is difficult to introduce data RE power for reflecting the load situation; the reason is: we can only estimate the interference of SS blocks from other cells but we cannot estimate the interference of e.g. PDSCH from other cells. So in this sense, the interference can only focus on the SS block power from interference cells instead of any data REs, and in the other word, the methodology used for RSSI estimation within extended time period cannot be supported in interference estimation.
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Figure 2. Interference estimation only in the yellow area

As shown in figure2, the interference can only be estimated in the yellow area where SS block of target cell is transmitted since SS block is the only reference signal can be identified by the UE if CSI-RS is not configured to measure. As mentioned in the agreed WF [2], the SINR might be always low if SS blocks colliding in time and frequency domain among cells, but it is also one of the possibilities even in LTE measurement, e.g. CRS colliding among cells. Moreover, even the lowest SINR is always estimated, it still can help for other purpose, e.g. network optimization as mention above.

But another thing which shall be studied is: shall we average the interference among different SS blocks of target cell in time domain and frequency domain if beamforming is used?
(time domain averaging

It is necessary to average the linear power of noise + interference in SS blocks of target cell in a SS burst set periodicity even though those SS blocks may be using different Tx beamforming. As shown in figure 3, the “I+N” of SINR shall be defined as the linear average of the interference+noise power contribution (in [W]) over the SS block 1 and 2 of target cell in a SS burst set periodicity even though SS block1 and 2 are using different Tx beams. The reason is: in order to use this SINR for network optimization the stable interference level is better and reliable than a dynamic interference level among different symbols. And the “S” of SINR can be defiend as the RSRP of target SS block.
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Figure 3. Interference averaging in a SS burst set periodicity

(frequency domain averaging

If SS blocks are distributed in the system BW, it is also necessary to average the linear power of noise + interference in SS blocks of target cell in system BW, which is similar as in figure 1. In fully SS blocks colliding case (all the neighbor cells has same SS block position in time and frequency domain), the frequency domain averaging of SINR may have same result as the single SS block SINR, but if neighbor cells are not fully SS blocks colliding, the SINR averaging on frequency domain can also average the interference of the data REs from other cells.
Proposal 4: SS block based signal to noise and interference ratio (SS-SINR), can be defined as the reported RSRP of target cell divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements of available SSS (TBD for DMRC in PBCH) of target cell within the same burst set periodicity and frequency bandwidth. 
4. Conclusions

In this contribution we continue the analysis based on the approved WF[1] and the potential solutions in the previous contributions.
Observation1: the upper bound of 5ms in Min(5ms, K*M*L*Tss-symbol) will never be reached.
Observation2: the RSSI measurement period may not cover certain SS blocks of target cell.
Proposal 1: The RSSI measurement period, TRSSI , can be defined as:

TRSSI=Min(5ms, k*M*TSS-slot)

Where,

· M is the number of slots which carry SS blocks within the SS burst set. 
· k is a weight factor to ensure that the RSSI is measured over at least certain number of data symbols, e.g. k=1.5.

· TSS-slot is the duration of the slot carried the SS block. 
Proposal 2: The starting point of TRSSI is the first slot containing the first SS block in the SS burst set.
Proposal 3: RSSI estimation/averaging for the target cell may be performed on all measurement BWs where the SS block RSRP of this target cell are measured if the Tx beamforming of those SS blocks are same. 
Proposal 4: SS block based signal to noise and interference ratio (SS-SINR), can be defined as the RSRP of target SS blocks divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements of SS blocks within the same burst set periodicity and frequency bandwidth. 
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