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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
RAN1 made the following agreements regarding time index indication based on SS block at RAN1#NR-AH2 meeting [1].
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Agreements: 
· Working assumption: 3 bits of SS block index are carried by changing the DMRS sequence within each 5ms period
· It can be further considered to limit the number of bits carried in this way to 2 if carrying 3 bits is shown to cause problems
· FFS: details of  scrambling of the PBCH which may or may not carry a part of timing information
· FFS: 5 ms half radio frame interval indication
· Remaining bits of the timing information are carried explicitly in the NR-PBCH payload

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



RAN1 also sent an LS to RAN2 to further respond on reading time index indication for SS block based RRM measurements. For RRC_CONNECTED UE, the following conclusion was made [2].
	Q1: If the time index indication needs to be acquired by the UE for every measurement sample?

A1: The answer can be split into two cases, UEs in CONNECTED mode and UEs in IDLE/INACTIVE mode. 
· For UEs in CONNECTED mode,
· In asynchronous networks, UE may be able to infer the SS block time index indication for detected NR PSS/SSS of the neighbour cell, if the UE previously has successfully retrieved the SS block time index of any SS block from the same neighbour cell. Note that the previously retrieved SS block time index may not be valid for indefinite amount of time depending on several factors (e.g. propagation delay, time drift of cells and UEs, UE mobility, and etc.). 
· Please note that RAN1 has not concluded on the required complexity of obtaining the time index information from SS blocks.
· In synchronous networks, UE may be able to use serving cell’s timing as a reference for neighbour cell’s time and UE may not need to retrieve SS block time index from the neighbour cell.
· Please note that RAN1 has not discussed whether or not the UE can be informed of whether the network is asynchronous or synchronous.



RAN1 made the following agreements regarding configurable parameters for CSI-RS based RRM measurement at RAN1#NR-AH2 meeting [1].
	Agreements:
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR
· Configurable periodicity (as already agreed)
· {5, 10, 20, 40, [80, 160]} ms are supported
· This does not mean periodicity will be configured per CSI-RS resource
· Configurable transmission bandwidth (as already agreed)
· FFS candidate values
· Configurable measurement bandwidth (as already agreed) and frequency location
· At least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported
· FFS other candidate values for wider bandwidth for each SCS
· Measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported
· Configurable parameters for sequence generation 
· Configurable numerology
· For each frequency range, subcarrier spacing values applicable to data, CSI-RS for beam management and SS block in the frequency range are supported
· Association between CSI-RS for RRM measurement and SS block
· It is assumed that property of spatial QCL between SS block and CSI-RS for beam management will be reused
· Configurable CSI-RS time/frequency resource (as already agreed)
· CSI-RS design including RE mapping and density for beam management is assumed as baseline
· Note that above properties are relevant for RAN4 RRM measurement evaluations and not intended to be an exhaustive list of properties



[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In this contribution, we further discuss how the measurement configuration based on SS block and CSI-RS is enhanced for RRC_CONNECTED UE.
2. Discussion
2.1 [bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK30][bookmark: OLE_LINK31]SS block based measurement configuration for RRC_CONNECTED UE  
In NR system, the different cells can use the different SS burst sets, i.e., different periodicity and SS block index. 
Different from LTE, there are lots of neighbor cells for one serving cell and the frequency carrier/SS block periodicity/number of the SS block transmissions between neighbor cells in NR are not necessarily the same. 
Observation 1: In NR the frequency carrier/SS block periodicity/number of the SS block transmissions between neighbor cells are not necessarily the same.

Detection of neighbor cell for measurement is based on NR-SS. The SS block related configuration information (e.g., SS block periodicity and SS block index) is useful to help UE drive measurement/timing of neighbor cells.  For UE in RRC_IDLE/INACTIVE state, this kind of sync assistant information can be provided per frequency carrier of all neighbor cells as discussed in another contribution [3]. While for UE in RRC_CONNECTED, a more accurate information granularity (e.g., cell specific) if provided, is beneficial to reduce the effort of UE spending on blind searching and save UE power consumption. Moreover, for RRC_CONNECTED UE this kind of sync assistant information can be configured via the dedicated RRC signaling.
Proposal 1: The serving cell can provide some sync assistant information per neighbor cell for RRC_CONNECTED UE via dedicated RRC signaling. 

Regarding content of the sync assistant information, RAN1 has agreed that an indication related to the sync information is provided to the UE. When there is the sync related indication for a carrier, it means that the UE can utilize serving cell timing to derive the index of SS block transmitted by neighbor cell on the same carrier. It is up to RAN2 how to provide this indication. Similar to UEs in RRC_IDLE/INACTIVE, we propose one bit sync related indication per frequency carrier to indicate the network synchronous case, in which the serving cell timing can be used by the UE to derived the neighbor cell SS block index. Furthermore, for RRC_CONNECTD UE, this sync related indication is for a frequency as well as cell specific.
Proposal 2: RAN2 to agree one bit sync indication per neighbor cell to indicate the network synchronous case, in which the serving cell timing can be used by the RRC_CONNECTED UE to derived the neighbor cell SS block index on the same carrier frequency.

[bookmark: _GoBack]In the network asynchronous case, additional sync assistant information may be needed. For the cell timing information, we assume a timing offset (e.g., radio frame or SFN or symbol level) per neighbor cell can address the issue. For the SS block pattern information, there are two parts, i.e., SS block periodicity and the number of SS block index. The serving cell can provide per neighbor cell indication of whether the SS block pattern is identical to the serving cell. If not, a different SS block pattern (i.e., SS block periodicity and/or SS block index) can be provided to the serving cell. Furthermore, regarding whether the SS block index information is needed in asynchronous networks, RAN1 LS has pointed out some possibility not to retrieve SS block time index from the neighbor cell. As it is not always valid due to indefinite amount of time depending on several factors (e.g. propagation delay, time drift of cells and UEs, UE mobility, and etc), it is suggested that the SS block index per neighbor cell for RRC_CONNECTED UE can be further discussed. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 3: RAN2 to further discuss the following parameters to assist RRC_CONNECTED UE measurement of neighbor cells in asynchronous network case.
· per cell time offset compared to the serving cell for a frequency carrier 
· per cell indication of whether the SS block pattern is identical to the serving cell for a frequency carrier
· per cell SS block periodicity for a frequency carrier
· per cell SS block index for a frequency carrier
2.2 CSI-RS based measurement configuration for RRC_CONNECTED UE
According to RAN1 agreements, when CSI-RS are configured for RRM measurement of neighbor cells in RRC_CONNECTED mode, the configuration is UE-specific by the dedicated RRC signaling. Because the CSI-RS is not always on, there should be a trigger for its configuration/activation/turned on. 
Observation 2: Trigger for CSI-RS configurations for the RRM measurement of neighbor cells is needed.

The trigger could be a request for RRM measurement from a serving cell. Refer to the RAN1 agreement, some properties (configurable periodicity, configurable transmission/measurement bandwidth, configurable parameters for sequence generation, configurable numberology, Association between CRS-RS for RRM measurement and SS block, Configurable CSI-RS time/frequency resource, etc.) of a CSI-RS for L3 mobility can be signaled to the UE using dedicated signaling and the details can be decided by RAN1. We could call all of the possible properties of a CSI-RS for L3 mobility as Para_list. In order to supply a more accurate configuration to the UE, some suggestive values may be included in the request message. The suggestive values can be all or part of the Para_list.
Proposal 4: A request message including the suggestive configuration values from the source cell can be used to trigger CSI-RS configurations.

To a target cell, there could be multiple requests from multiple source cells for CSI-RS configurations for the RRM measurements as depicted in Fig.1. When receiving multiple requests from multiple source cells, it’s a reasonable way to coordinate among the multiple requests to an accordant configuration from the view of saving signaling overhead. For example, UE1 belongs to source cell A, while UE2 belongs to source cell B, both of them list cell C as their target cell. Then cell A and B send request messages to cell C to request the CSI-RS configuration for RRM measurement. Consider the location of UE1 and UE2, they may be configured the same CSI-RS. If cell C coordinates the configuration to apply the minimum periodicity for both of the two cells, it sends the delta values comparing with the requested configuration to the source cells. Then the total overhead of signaling from cell C is reduced.


Fig.1 RRM measurement configuration requests from multiple source cells
Observation 3: The target cell can synthetically coordinate the requests from all requested neighbor cells to reduce the overhead of configuration when configuring CSI-RS for the RRM measurements; and feedback the delta values (comparing with the requested configuration from each source cell) to each source cell.

As observation 3 described, the UE specific CRI-RS configuration involves coordination between the target cell and neighbor cells which needs RAN3 decision. Thus if RAN2 acknowledges the procedure is necessary, it should be decided by RAN3 how the coordination procedure works.
Proposal 5: If RAN2 acknowledges the UE specific CRI-RS configuration coordination between the target cell and neighbor cells is necessary, it is up to RAN3 to decide how the coordination procedure works. 

3. Conclusion
In this contribution, we discuss how the measurement configuration based on SS block and CSI-RS is enhanced for RRC_CONNECTED UE. The following observations and proposals are given.
Observation 1: In NR the frequency carrier/SS block periodicity/number of the SS block transmissions between neighbor cells are not necessarily the same.
Observation 2: Trigger for CSI-RS configurations for the RRM measurement of neighbor cells is needed.
Observation 3: The target cell can synthetically coordinate the requests from all requested neighbor cells to reduce the overhead of configuration when configuring CSI-RS for the RRM measurements; and feedback the delta values (comparing with the requested configuration from each source cell) to each source cell.
Proposal 1: The serving cell can provide some sync assistant information per neighbor cell for RRC_CONNECTED UE via dedicated RRC signaling.
Proposal 2: RAN2 to agree one bit sync indication per neighbor cell to indicate the network synchronous case, in which the serving cell timing can be used by the RRC_CONNECTED UE to derived the neighbor cell SS block index on the same carrier frequency. 
Proposal 3: RAN2 to further discuss the following parameters to assist RRC_CONNECTED UE measurement of neighbor cells in asynchronous network case.
· per cell time offset compared to the serving cell for a frequency carrier 
· per cell indication of whether the SS block pattern is identical to the serving cell for a frequency carrier
· per cell SS block periodicity for a frequency carrier
· per cell SS block index for a frequency carrier
Proposal 4: A request message including the suggestive configuration values from the source cell can be used to trigger CSI-RS configurations.
Proposal 5: If RAN2 acknowledges the UE specific CRI-RS configuration coordination between the target cell and neighbor cells is necessary, it is up to RAN3 to decide how the coordination procedure works.
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