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1. Introduction
In this contribution, we discuss the signal quality measurement based on SS blocks and requirements for network synchronization for these measurements.


2. Discussion on Network Synchronization Signaling
RAN1 has agreed to support signaling to indicate network synchronization to allow the UE to derive the SS block time index of neighbor cells based on the radio frame and slot frame boundary of the serving cell. The following is the agreed text from RAN1 Ad-hoc #2 meeting.
	Agreements:
· An indication related to the synchronization information  is provided to the UE
· When there is the indication for a carrier, UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell (e.g., radio frame or SFN or symbol level synchronization)
· Note that it is up to RAN2 how to provide this indication
· Note that it is up to RAN4 about the feasibility of synchronization and its requirement




From the agreement, it was left up to RAN4 to determine the feasibility of such synchronization and the requirements needed for such synchronization. However, RAN1 should provide input to RAN4 regarding the minimum synchronization requirement needed in order for UE to reliably derive the SS Block time index of neighbor cells based on serving cell timing.
[image: ]
[bookmark: _Ref490150225]Figure 1. Neighbor cell SS Block index confusion from propagation delay
Figure 1 shows an example of when SS block index confusion can happen if the UE uses the serving cell timing to derive the SS block indices of neighbor cell detected SS blocks. This can happen if the propagation delay difference between two cells is larger than time duration of SS blocks. For 240 kHz subcarrier spacing the time duration of SS blocks is only 17.83 usec long. This would be equivalent to 5.3 km difference between the distance between the serving cell and neighboring cell. Of course, due to propagation pathloss, the signals for neighbor cells may not be strong enough for the UE to detect this, so whether or not this would be problematic or not depends on the exact deployment scenario.
If the maximum differential propagation time due to distance between transmission nodes of cells, Tdiff, and time synchronization error of transmission nodes of cells, Tsync, is larger than the time duration of SS block for a given subcarrier spacing, TSSBlock, the network should not indicate to the UE that the network is synchronized.
Based on the observations above, we propose that the “synchronization information” provided by the network is only signaled to the UE when the following is observed in the network area.
Tdiff + Tsync ≤ TSSBlock
	The specification should state that when the “synchronization information” is provided by the network, UEs can assume that SS block time index of neighbor cells can be directly derived from the serving cell frame boundaries. Furthermore, in order for this to be useful for UEs in both CONNECTED and IDLE mode, this indication should inform to the UE that this synchronization information is safe to assume for both IDLE and CONNECTED mode.
Proposal 1:
· The “synchronization information” is provided by the network indicates that the UE can assume that SS block time index of neighbor cells can be directly derived from the serving cell frame.
· The “synchronization information” indicated to the UE should be valid for both IDLE and CONNECTED mode UEs.


3. Discussion on Signal Quality Metrics based on SS blocks
In our companion contribution in RAN4 discusses potential signal quality metrics based on SS blocks [1]. The signal quality metric based on SS blocks include RSSI, RSRQ, and RS-SINR. The RSSI information is needed to derive the RSRQ metric, which is useful to determine the load of the system and as well as link quality. The RS-SINR could provide better estimates of the link quality to a cell in high SNR scenarios. Therefore, we propose that NR supports RSSI, RSRQ, and RS-SINR measurement metrics based on SS blocks.

Proposal 2:
· NR supports RSSI, RSRQ, and RS-SINR signal quality metric based on SS Blocks.

4. Conclusions
	In this contribution, we discussed the reference signal for SS block RSRP measurements. Our proposal is summarized as below:
Proposal 1:
· The “synchronization information” is provided by the network indicates that the UE can assume that SS block time index of neighbor cells can be directly derived from the serving cell frame.
· The “synchronization information” indicated to the UE should be valid for both IDLE and CONNECTED mode UEs.

Proposal 2:
· [bookmark: _GoBack]NR supports RSSI, RSRQ, and RS-SINR signal quality metric based on SS Blocks.

Reference
[1] [bookmark: _Ref490149707]R4- 1707416, “On quality based measurement of SS blocks for NR”, RAN4 #84, Intel Corp.
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