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1. Introduction

This contribution provides a possible solution from network side to solve the SS-SINR underestimation issue and its impact on measurement design is also analyzed.
2. Discussion 
2.1 Background 

SINR is a very important indicator for mobility and network deployment. Compared with RSRQ, SINR is not impacted by the serving cell load and network can estimate the accurate throughput based on reported SINR. Since the SINR and throughput are linearly related, the reported SINR can help network to access network performance (e.g. throughput) and to optimize network deployment (e.g. weak coverage). 
Observation 1: SINR is not impacted by serving cell load and it is an important indicator for mobility and network deployment.

According to the definition of SS-SINR [1], SS-SINR is defined as the linear average over the power contribution of the resource elements carrying secondary synchronization signals divided by the linear average of the noise and interference power contribution over the resource elements carrying secondary synchronization signals within the same frequency bandwidth. 
According to RAN1 and RAN2 agreement [2][3], which is also duplicated as following, there are at most two SMTC periodicities can be configured for intra-frequency measurement with single SMTC offset and SMTC duration, which results that the SSBs of intra-frequency cells are overlapped in time domain. In frequency domain, it is desirable to configure SSBs of intra-frequency cells in the same frequency location in order to avoid gap-based measurement. 
Observation 2: according to RAN1 and RAN2 agreements, for intra-frequency measurement, up to two SMTC periodicities can be configured with only single SMTC offset and duration. 
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As a result, the SSB of intra-frequency cells are fully overlapped in the practical network, and the S-SINR cannot reflect the interference from neighbor cell data REs. The reported SS-SINR is underestimated for the case of very low interferer load.
Observation 3: there is underestimation issue of SS-SINR for the colliding SSB scenario

2.2 possible solution of SS-SINR underestimation issue 

To solve the underestimation issue of SS-SINR, from network deployment point of view, the possible solution is to arrange the SSB transmission properly in time domain to avoid the SSB colliding scenario. Figure 1 gives an example of network solution. As shown in Figure 1, there are four intra-frequency cells with the same SSB periodicity (40ms). The SSB offsets are 0ms, 10ms, 20ms, 30ms for cell 1, cell 2, cell 3, cell 4 respectively. To subject to the restriction of single SMTC offset, the configuration of SMTC for intra-frequency F1 could be 10ms periodicity with 0ms offset. For this scenario shown in Figure 1, there is no colliding SSB among intra-frequency cells and the underestimated issue of SS-SINR could be avoided. 
Observation 4: to avoid the underestimation issue of SS-SINR, one possible solution from network side is to transmit SSBs of different intra-frequency cells with different SSB offset and same SSB periodicity.
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Figure1 possible solution from network side to solve the underestimated issue of SS-SINR
2.3 impact on measurement from the possible solution

For the solution as discussed above, there are some issues need to be considered. 
Issue 1: Impact on intra-frequency measurement

First of all, the measurement of cell quality may be not accurate, since cell 1/2/3/4 cannot be measured by UE at every SMTC occasion (SSB periodicity = 40ms, SMTC periodicity = 10ms). However, according to our understanding, this may be not a big issue. UE will perform PSS/SSS detection before measurement, so the samples on the SMTC occasion on which there is no SSB will not be taken into account in the L1 filtering. The current measurement delay in 38.133 is specified under the assumption that SMTC periodicity is larger than or equal to SSB periodicity. However, for the scenario shown in Figure1, the SMTC periodicity is smaller than the SSB periodicity. Taking this scenario into account, the current measurement delay requirements need to be revised as following:
Table 1: Time period for PSS/SSS detection, (Frequency range FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max[ 600ms, ceil( [5] x Kp) x max(SMTC period, SSB period) ]Note 1

	DRX cycle≤ 320ms
	max[ 600ms, ceil(1.5x [5] x Kp) x max(SMTC period, DRX cycle, SSB period) ] 

	DRX cycle>320ms
	Ceil([5] x Kp) x DRX cycle

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified


Table 2: Time period for time index detection (Frequency range FR1)

	DRX cycle
	TSSB_time_index_intra

	No DRX
	max[120ms, ceil( 3 x Kp ) x max(SMTC period, SSB period)  ]Note 1

	DRX cycle≤ 320ms
	max[120ms, ceil (1.5 x 3 x Kp) x max(SMTC period, DRX cycle, SSB period) ]

	DRX cycle>320ms
	Ceil(3 x Kp) x DRX cycle

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified


Table 3: Measurement period for intra-frequency measurements without gaps(Frequency FR1)

	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max[ 200ms, ceil( 5 x Kp) x max(SMTC period, SSB period) ]Note 1

	DRX cycle≤ 320ms
	max[ 200ms, ceil(1.5x 5 x Kp) x max(SMTC period, DRX cycle, SSB period) ] 

	DRX cycle>320ms
	ceil( 5 x Kp ) x DRX cycle

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified


Observation 5: considering the scenario that SMTC periodicity is shorter than SSB periodicity, the existing measurement requirements need to be revised.
Proposal 1: it is proposed to revise the intra-frequency measurement requirements as above table1~3.
Issue 2: Impact on inter-frequency measurement
According to RAN1 agreement [2], only single SMTC is configured per frequency carrier. For the scenario as shown in Figure 1, the SMTC configuration of F1 could be 10ms periodicity with 0ms offset. Considering the candidate MG periodicity is {20, 40, 80, 160}, not all the intra-frequency cells of F1 can be measured at MG occasion. For example, if the MG configuration is 20ms periodicity with 0ms offset, only cell 1 and cell3 in Figure1 can be measured, and cell 2 and cell 4 cannot be measured. 
Observation 6: the possible solution to avoid SSB colliding issue may result that the inter-frequency measurement cannot be performed at the MG occasion.
To solve this issue, there are several solutions. One possible way is to introduce new MGRP, e.g. {30, 50, 90} ms. As shown in Figure 2, if the MG periodicity is 50ms, all the four intra-frequency cells of F1 could be measured. The first MG occasion can be used for measurement of cell 1, the second MG occasion can be used for measurement of cell 2, the third MG occasion can be used for measurement of cell 3, and the fourth MG SMTC occasion can be used for measurement of cell 4.This approach can be summarized that the needed MGRP is (SSB periodicity + SMTC periodicity). For different SSB periodicity or SMTC periodicity, different MGRP is needed. For example, if the SSB periodicity is 80ms for the scenario of 8 intra-frequency cells and the SMTC periodicity is 10ms, the MGRP could be 90ms.
However, for MGRP = {30, 50, 90} ms, the measurement delay will be increased and mobility performance may be impacted. For example, as shown in Figure 2, UE can only measure the same F1 cell every 200ms, it takes about 1s to perform measurement of F1_cell1 assuming 5 samples. And the total time is about 4s to perform the measurement of F1 with 4 intra-frequency cells. Taking multiple inter-frequency carriers into consideration, the measurement delay will be even longer. To solve the measurement delay issue, another solution is to introduce shorter MGRP and the MGRP could be minimum (SSB periodicity, SMTC periodicity). Taking Figure 1 as an example, the MGRP is suggested to be 10ms. 
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Figure 2 example of 50ms MG periodicity 
The motivation to deploy the network with different SSB offset for intra-frequency cell is to solve the underestimation issue of SS-SINR. As discussed above, such deployment has impact on current measurement design in 38.133. Another solution is to use CSI-RS based SINR. Compared with SSB, CSI-RS design is more flexible. And it is feasible configure non-colliding CSI-RS for serving and target cells. Hence, there is no underestimation issue for CSI-RS based SINR.
Proposal 2: to solve the inter-frequency measurement issue caused by the scenario suggested in this contribution, it is proposed to consider following options:

· Option 1: introduce new MGRP, e.g. MGRP= {10, 30, 50, 90} ms.
· Option 2: introduce CSI-RS based RRM requirements
Issue 3: impact on inter-RAT measurement

For the per UE measurement gap, the measurement of intra-frequency, inter-frequency and LTE frequency is based on the same MG configuration. For the per FR measurement gap, the measurement of intra-frequency, inter-frequency of FR1 and LTE frequency is also based on the same MG configuration. According to the current applicability for gap pattern configuration specified in TS 38.133, only gap pattern 0~3 can be used if measurement purpose including LTE measurement. However for the deployment scenario discussed above, MGRP of 40ms and 80ms cannot be used to measure NR frequency and new MGRP is suggested as proposal 2. The new MGRPs also need to be introduced for the inter-RAT measurement. It is proposed to introduce new MG pattern, e.g. 10ms MGRP + 3ms MGL, 30ms MGRP + 3ms, 50ms MGRP + 3ms, etc for the scenario that MO includes both LTE and FR1,.
Proposal 3: For the scenario that MO includes both LTE and FR1, it is proposed to introduce new MG pattern, e.g. 10ms MGRP + 3ms MGL, 30ms MGRP + 3ms MGL, 50ms MGRP + 3ms MGL, etc.
3. Conclusion
This contribution provides discussion on the possible solution of SS-SINR underestimation issue and its impact on measurement. The observations and proposals are:
Observation 1: SINR is not impacted by serving cell load and it is an important indicator for mobility and network deployment.

Observation 2: according to RAN1 and RAN2 agreements, for intra-frequency measurement, up to two SMTC periodicities can be configured with only single SMTC offset and duration. 

Observation 3: there is underestimation issue of SS-SINR for the colliding SSB scenario.
Observation 4: to avoid the underestimation issue of SS-SINR, one possible solution from network side is to transmit SSBs of different intra-frequency cells with different SSB offset and same SSB periodicity.

Observation 5: considering the scenario that SMTC periodicity is shorter than SSB periodicity, the existing measurement requirements need to be revised.

Observation 6: the possible solution to avoid SSB colliding issue may result that the inter-frequency measurement cannot be performed at the MG occasion.
Proposal 1: it is proposed to revise the intra-frequency measurement requirements as table1~3.

Table 1: Time period for PSS/SSS detection, (Frequency range FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max[ 600ms, ceil( [5] x Kp) x max(SMTC period, SSB period) ]Note 1

	DRX cycle≤ 320ms
	max[ 600ms, ceil(1.5x [5] x Kp) x max(SMTC period, DRX cycle, SSB period) ] 

	DRX cycle>320ms
	Ceil([5] x Kp) x DRX cycle

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified


Table 2: Time period for time index detection (Frequency range FR1)

	DRX cycle
	TSSB_time_index_intra

	No DRX
	max[120ms, ceil( 3 x Kp ) x max(SMTC period, SSB period)  ]Note 1

	DRX cycle≤ 320ms
	max[120ms, ceil (1.5 x 3 x Kp) x max(SMTC period, DRX cycle, SSB period) ]

	DRX cycle>320ms
	Ceil(3 x Kp) x DRX cycle

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified


Table 3: Measurement period for intra-frequency measurements without gaps(Frequency FR1)

	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max[ 200ms, ceil( 5 x Kp) x max(SMTC period, SSB period) ]Note 1

	DRX cycle≤ 320ms
	max[ 200ms, ceil(1.5x 5 x Kp) x max(SMTC period, DRX cycle, SSB period) ] 

	DRX cycle>320ms
	ceil( 5 x Kp ) x DRX cycle

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified


Proposal 2: to solve the inter-frequency measurement issue caused by the scenario suggested in this contribution, it is proposed to consider following options:


Option 1: introduce new MGRP, e.g. MGRP= {10, 30, 50, 90} ms.

Option 2: introduce CSI-RS based RRM requirements
Proposal 3: For the scenario that MO includes both LTE and FR1, it is proposed to introduce new MG pattern, e.g. 10ms MGRP + 3ms MGL, 30ms MGRP + 3ms MGL, 50ms MGRP + 3ms MGL, etc.
4. Reference
[1] 3GPP TS 38.215, Physical layer measurement
[2] R1-1712002, LS on NR initial access and mobility  NTT DoCoMo
[3] 3GPP TS 38.331, Radio resource control (RRC) protocol specification
