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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
At the RAN2 #98 meeting, time index indication receiving from PBCH was discussed and an LS was sent to RAN1 [1]. For idle and inactive mode UE, the following question was asked.
	In addition, RAN2 would like to ask RAN1 if the time index indication needs to be acquired by the UE for every measurement sample and if the UE also need to acquire the time index indication in the idle/inactive mode.



RAN1 made the following agreements regarding time index indication based on SS block at RAN1#NR-AH2 meeting [2].
	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 repsond on reading time index indication for RRM measurements. For idle and inactive mode UE,  the following conclusion was made [3].
	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 IDLE/INACTIVE mode, 
· From RAN1’s understanding, the UE may not necessarily need the SS block time index for the cell re-selection process prior to cell camping. 
· SS block separated by an integer multiple of the configured SS burst set periodicity can be assumed to be from the same beam. Given that the UE is able to detect and measure the different SS blocks (although it may not have the SS block time index information), it can perform per beam filtering of the measurements and ultimately derive the cell level quality. It should be noted that when the UE needs to camp on a cell, it will be required to successfully read the SS block time index information (as well as SFN in NR PBCH) to derive the slot and radio frame boundaries.

Q2: if the UE also need to acquire the time index indication in the idle/inactive mode?

A2: See the response to Q1 on UEs in IDLE/INACTIVE mode.



In this contribution, we further discuss how the measurement is enhanced for the idle and inactive mode UE.
2. Discussion
2.1 [bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK30][bookmark: OLE_LINK31]SS block burst set  
In NR system, the different cells can use the different SS burst sets, i.e., different period and beam index. RAN1 has agreed that the network provides one SS burst set periodicity information per frequency carrier to the UE and information to derive measurement timing/duration if possible. When the SS burst set periodicity and information regarding timing/duration are indicated, the UE assumes the same periodicity and timing/duration for all cells on the same carrier. If the network does not provide indication of SS burst set periodicity and information to derive measurement timing/duration the UE should assume 5 ms as the SS burst set periodicity. 
There are lots of neighbor cells for one serving cell in NR, it is hard to assume that all cells have 5ms period or the same SS block set configuration. The figure 1 gives an example, the period of serving cell is 5ms, but the period of some neighbor cells is 10ms. For the SS block set configuration, the SS block pattern is considered the same if two SS block sets share the same configuration parameters (i.e., SS block set period and SS block index within one SS block set). 
Observation: It is hard to assume that all cells have 5ms period or the same SS block set configuration.



Figure 1: different SS block set configuration among the serving cell and neighbor cell
2.2 Assistant information in serving cell
In LTE MBSFN and TDD UL/DL configuration of neighbor cells are provided in SIB. The motivation is also to provide the neighbor cell information to assistant idle UE measurement. 

	NeighCellConfig field descriptions

	neighCellConfig
Provides information related to MBSFN and TDD UL/DL configuration of neighbour cells of this frequency
00: Not all neighbour cells have the same MBSFN subframe allocation as the serving cell on this frequency, if configured, and as the PCell otherwise
10: The MBSFN subframe allocations of all neighbour cells are identical to or subsets of that in the serving cell on this frequency, if configured, and of that in the PCell otherwise
01: No MBSFN subframes are present in all neighbour cells
11: Different UL/DL allocation in neighbouring cells for TDD compared to the serving cell on this frequency, if configured, and compared to the PCell otherwise
For TDD, 00, 10 and 01 are only used for same UL/DL allocation in neighbouring cells compared to the serving cell on this frequency, if configured, and compared to the PCell otherwise.



Following a similar design as LTE, if some sync assistant information of neighbor cells can be provided in the serving cell, it is also helpful for the idle/inactive UE measurement. The sync assistant information at least includes neighbor cell timing and the SS block pattern information used in neighbor cell. For idle and inactive mode, sync assistant information is broadcasted to the UE in the serving cell. Regarding the granularity of the assistant information, per frequency carrier of all neighbor cells is preferred.
Proposal 1: Some sync assistant information (e.g., neighbor cell timing and SS block pattern information) can be provided per frequency carrier of all neighbor cells or subset of that in the serving cell. 

At last RAN1#NR-AH2 meeting, it has been 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. Thus 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. In this case the neighbor cell SS block index is not necessarily needed.
Proposal 2: RAN2 to agree one bit sync indication per frequency carrier to indicate the network synchronous case, in which the serving cell timing can be used by the idle/inactive UE to derived the neighbor cell SS block index on the same carrier.

In the network asynchronous case, additional sync assistant information may be needed. For cell timing information, timing offset (e.g., radio frame or SFN or symbol level) per frequency carrier of all neighbor cells or subset of that can be provided to UE in the serving cell on this frequency. For SS block pattern information, there are two parts, i.e., SS block period and the number of SS block index. The serving cell provides per frequency carrier indication of whether SS block patterns of all neighbor cells are identical to the serving cell on this frequency. If not, a general SS block pattern (i.e., SS block period and/or SS block index) can be provided to the serving cell per frequency carrier. In order to further reduce the measurement times and save UE power, the minimum and/or the maximum number of SS block set index SS block set index can be provide per carrier frequency of all neighbor cells or subset of that to the serving cell on this frequency.

[bookmark: _GoBack]Proposal 3: RAN2 to further discuss the following parameters to assist idle/inactive UE neighbor cell measurement in case of asynchronous networks.
· timing offset per frequency carrier cell of all neighbor cells or subset of that compared to the serving cell on this frequency.
· SS block pattern indication whether SS block patterns per frequency carrier of all neighbor cells or subset of that are identical to the serving cell on this frequency.
· SS block set periodicity per frequency carrier of all neighbor cells or subset of that to the serving cell on this frequency.
· minimum SS block set index per frequency carrier of all neighbor cells or subset of that to the serving cell on this frequency.
· maximum SS block set index per frequency carrier of all neighbor cells or subset of that as the serving cell on this frequency.
3. Conclusion
In this contribution, we discuss how the measurement is enhanced for the idle and inactive mode UE. We give our observation and proposals.
Observation: It is hard to assume that all cells have 5ms period or the same SS block set configuration.
Proposal 1: Some sync assistant information (e.g., neighbor cell timing and SS block pattern information) can be provided per frequency carrier of all neighbor cells or subset of that in the serving cell.
Proposal 2: RAN2 to agree one bit sync indication per frequency carrier to indicate the network synchronous case, in which the serving cell timing can be used by the idle/inactive UE to derived the neighbor cell SS block index on the same carrier.
Proposal 3: RAN2 to further discuss the following parameters to assist idle/inactive UE neighbor cell measurement in case of asynchronous networks.
· timing offset per frequency carrier cell of all neighbor cells or subset of that compared to the serving cell on this frequency.
· SS block pattern indication whether SS block patterns per frequency carrier of all neighbor cells or subset of that are identical to the serving cell on this frequency.
· SS block set periodicity per frequency carrier of all neighbor cells or subset of that to the serving cell on this frequency.
· minimum SS block set index per frequency carrier of all neighbor cells or subset of that to the serving cell on this frequency.
· maximum SS block set index per frequency carrier of all neighbor cells or subset of that as the serving cell on this frequency.
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