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Discussion and Decision
1      Introduction
In last ad-hoc January meeting, RAN1 had made the following agreements related to mobility and measurement:

· For a given frequency band, an SS block corresponds to N OFDM symbols based on the default subcarrier spacing, and N is a constant.
· The signal multiplexing structure is fixed in a specification

· UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block.

· The signals included in the SS block are FFS between 

· Alt 1: PSS, SSS and PBCH; and 

· Alt 2: PSS, SSS, TSS and PBCH.

· Note 1: it does not preclude possibility of multiplexing MRS and/or data transmission in the SS block.

· Note 2: It does not preclude the possibility of skipping PBCH in other SS blocks.

· For initial cell selection, UE may assume default SS burst set periodicity which may be frequency band-dependent.
· UE may assume that a given SS block is repeated with a SS burst set periodicity
· Note that NR-PBCH contents in a given repeated SS block may change
· A single set of possible SS block time locations is specified per frequency band.
· FFS whether the set is defined with respect to SS burst set or radio frame
· FFS whether idle/connected UE can be configured with additional information about which SS blocks in a SS burst set are transmitted
· The time index/indices of an SS block from which UE will derive symbol, slot index in a radio frame is/are to be down-selected from the following alternatives:

· Alt.1: One time index for every SS-block within an SS-burst set 

· Alt.2: One time index that is specific to each SS-block within an SS-burst, and an SS burst index that is specific to each SS burst within an SS-burst set. SS burst index is common across SS blocks in each SS-burst.

· Possible mechanisms to indicate the SS block index includes

· Implicit indication by PBCH

· Explicit indication by PBCH

· Indication by an additional SS, if such an additional SS is introduced

· Indication by NR-SS

· Note that this does not preclude other mechanisms

· By default, the UE may neither assume the gNB transmits the same number of physical beam(s), nor the same physical beam(s) across different SS-blocks within an SS burst set.

In addition to the above agreement, RAN1 also made the following agreements during last RAN1#88 meeting:

· For initial cell selection for NR cell, UE assume the following default SS burst set periodicity

· For carrier frequency range category #A : TBD among 10, 20 ms
· E.g. range for #A (0 ~ 6 GHz)

· For carrier frequency range category #B : TBD among 10, 20 ms
· E.g. range for #B (6 GHz ~ 60 GHz )

· Down-selection will consider the SS block dimensions, initial access latency, power consumption, detection performance aspects into account. Other considerations are not precluded.

· Note that this does not preclude further sub-categorization of frequency ranges. And additional frequency sub-ranges defined shall support a single default SS burst set periodicity, value selected between 10, 20 ms
· Note that this does not preclude additional categorization of frequency ranges not covered by #A and #B. SS burst set periodicity for potential additional frequency ranges is FFS
· RAN4 will determine the exact values of frequency ranges

· The exact frequency ranges for category #A and #B is subject to further discussion in RAN1 and RAN1 will provide input to RAN4 to finalize the exact values. 
· Note that UE is not expected to detect cell that do not conform to the default SS burst set periodicity
· RAN1 will definitely down select the values from 10, 20 ms in the next meeting

· For CONNECTED and IDLE mode UEs, NR should support network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)

· Network provides one SS burst set periodicity information per frequency carrier to UE and information to derive measurement timing/duration if possible
· In case that one SS burst set periodicity and one information regarding timing/duration are indicated, UE assumes the periodicity and timing/duration for all cells on the same carrier
· RAN1 recommends shorter measurement duration than configured periodicity e.g., 1, 5 or 10 ms

· Note that L1/L3 filtering across multiple periods is still allowed

· FFS more than one periodicity/timing/duration indication 

· 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
· NR should support set of SS burst set periodicity values for adaptation and network indication

· Candidate periodicity values to be evaluated are [5, 10, 20, 40, 80 and 160 ms]  

This contribution discuss what the impaction of RAN1 agreement to RAN2 is and what the RAN2 scope is.
2      Discussion
Figure 1 below illustrates the relationship between SS block, SS burst set, beam and cell based on RAN1 agreement. In a single cell, an SS burst set contains L SS blocks. SS burst set will be repeated based on the periodicity configured by the network. The number of SS block within a SS burst set is L and L is fixed (to be determined by RAN1). The locations of the L SS blocks are currently under discussion in RAN1. However, it has been agreed in RAN1 that it is up to the network to transmit xSS on all L blocks. That means the network can choose K out of L SS blocks (K<=L) to transmit xSS. But once the K locations of the SS block is determined, the network is required to transmit the same K locations in every SS burst set. 
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Figure 1: Example of SS blocks and SS burst set

For initial cell selection in NR cell, RAN1 down-selected the candidates of the SS burst set periodicity to either 10ms or 20ms. However, for idle and connected mode UE, RAN1 has agreed to support network configurable SS burst set periodicity. The summary of the agreements are as follows:

1. Network doesn’t indicate the periodicity: the UE assume 5ms as the default SS burst set periodicity 
2. Network can provide SS burst set periodicity information per frequency carrier: the UE applies the same periodicity to all cells in a given frequency 

3. FFS if more than one periodicity is allowed to configure per frequency

RAN2 work scope
Since configurable SS burst set periodicity is agreed in RAN1, RAN2 will need to discuss some further detail and how to provide the signaling to the UE both in idle mode and connected mode.

RAN2 should first discuss if such configuration can be dynamically changed over time. At least for idle mode UE, the only way to signal the idle mode UE is either right before they go to idle when they are still in connected or through system information broadcast (SIB). However, it will be very power and time consuming if the UE is required to read SIB every time it measured. Therefore, it is proposed that the SS burst set periodicity cannot be dynamically changed over time. Or at least the UE can assume it is not changed once the information is received. 
Proposal 1: it should be assume that SS burst set periodicity is not dynamically changed over time once it is configured at least from the UE perspective
In case of default periodicity, RAN1 agreement 1 above indicates that default periodicity is 5ms when the network doesn’t indicate the periodicity. This means that the network has not sent dedicated signal to the UE and SIB doesn’t contain any information regarding to the periodicity. For idle mode UE, at least SIB for signaling the periodicity should be support. In addition, the network may want to redirect the UE in idle mode (i.e. via RRC connection release message).  
Proposal 2: At least SIB signaling should be supported for idle mode UE.

For connected mode UE, it should be reasonable to have a mechanism to configure the periodicity information via dedicated signaling. It is necessary especially when a certain frequency information is not in SIB but is configured for connected mode UE to measure. 
Proposal 3: SS burst set periodicity should be part of the measurement configuration for connected mode UE.

In case of reading from the system information, the UE should be expected to read only 1 cell system information per frequency for the periodicity information and assume all cells on the same frequency has the same frequency according to RAN1 agreement 2 above. 

Proposal 4: For each frequency, a single periodicity will be indicated and the UE is only be required to search a single periodicity for this frequency for both idle and connected mode UE. 
Finally, agreement 3 is an FFS on whether different periodicity is allowed to be configured per frequency. We would like to discuss the UE complexity and challenge if one allows different periodicity configuration for different cells on the same frequency. 
Firstly, the signaling of the periodicity information will be increased as now the network has to signal all cells periodicity per frequency to the UE. NR is expected to have higher number of cells than in LTE, signaling can be reduced if all cells in the frequency has the same periodicity. 
Observation 1: periodicity information will be increased if each cell has different periodicity for the same frequency
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Figure 2: Example of re-used PCI in NR deployment
Secondly, PCI is expected to be re-used in NR as well (example shown in Figure 2). In case of two or more cells carry the same cell ID that are synchronized, the UE measurement will be aggregated among those cells. If the periodicity of those cells are different, the measured signal will be inaccurately combined (i.e. some occasion has multiple added measurement and some don’t). Figure 2 shows an example of cell 1 and cell 4 carry the same PCI = 1. Cell 1 has periodicity of 10ms and cell 4 has periodicity of 20ms. The first measurement will be combined of the two cells and the second measurement will be only cell 1. This inconsistence of the signal combing may introduce another level of inaccuracy in measurement.

Observation 2: In PCI reuse case, different periodicity of the same PCI may result in inconsistence of the signal combing which introduce additional measurement inaccuracy 

Lastly, in case of PCI collision, the UE doesn’t have the updated list from the network may assume the old periodicity for the same PCI cell to be valid. Figure 2 shows an example when the UE moves from cell 3 to cell 4. Since the PCI is the same for cell 1 and cell 4. If the UE doesn’t receive an update periodicity from the network for cell 4. It will assumes cell 4 has periodicity of 10ms. In this case, every alternate measurement will be empty and result in measurement error. Therefore, it is important for the network to update cell list periodicity information to the UE in time. This also means that more signaling overhead and planning effort at the operator are needed if more than one xSS periodicity per frequency is supported. Therefore, it is proposed that not to support different periodicity per frequency in NR.
Observation 3: In PCI reuse case, the UE may use an incorrect periodicity of the cell for measurement and result in error when update information is not sent to the UE in time
Proposal 5: More than one xSS periodicity per frequency is not supported in NR

3      Conclusion 
Proposal 1: it should be assume that SS burst set periodicity is not dynamically changed over time once it is configured at least from the UE perspective

Proposal 2: At least SIB signaling should be supported for idle mode UE.

Proposal 3: SS burst set periodicity should be part of the measurement configuration for connected mode UE.

Proposal 4: For each frequency, a single periodicity will be indicated and the UE is only be required to search a single periodicity for this frequency for both idle and connected mode UE. 
Proposal 5: More than one xSS periodicity per frequency is not supported in NR
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