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Discussion and Decision
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Introduction
“Idle mode RS” are used for RRM measurements by both IDLE mode and CONNECTED mode UEs according to the progress both at RAN1 and RAN2. And a lot of progresses have been achieved in RAN1 for the design of the “Idle mode RS” (especially for NR-SS):

Agreements ① (RAN1#87 [1]):
· From UE perspective, SS burst set transmission is periodic

· At least for initial cell selection, UE may assume a default periodicity of SS burst set transmission for a given carrier frequency
· Exact value of default periodicity of SS burst set transmission for a given carrier frequency needs to be studied

· FFS: UE in CONNECTED or IDLE mode may be provided with updated information regarding the SS burst set periodicity of serving cell and/or neighbor cells by the network

· FFS: Validity duration of information

· Note: Updated periodicity may be shorter or longer than default periodicity assumed by UE
· FFS: Note: This does not imply SS-burst set needs to be always on with the updated periodicity

· FFS: SS burst periodicity assumed by UE if information of neighbor cells is not available

· FFS: Consider idle mode operation performance
· Note: Companies can also consider to support functionality related to LTE DRS and LTE IDLE mode
· Companies are encouraged to investigate the tradeoff between network flexibility/power consumption and UE complexity/power consumption
Agreements ② (RAN1#88bis [3]):
· SS burst set periodicity default value for initial cell selection: 20/20 msec
Agreements ③(RAN1#87 [1]):
· 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] 

Agreements ④ (RAN1#88 [2]):
· The maximum number of SS-blocks, L, within SS burst set may be carrier frequency dependent

· For frequency range category #A (e.g., 0 ~ 6 GHz), the number  (L) is TBD within L ≤ [16]

· For frequency range category #B (e.g., 6 ~ 60GHz), the number is TBD within L ≤ [128]

· FFS: L for additional frequency range category

· The position(s) of actual transmitted SS-blocks can be informed for helping CONNECTED/IDLE mode measurement, for helping CONNECTED mode UE to receive DL data/control in unused SS-blocks and potentially for helping IDLE mode UE to receive DL data/control in unused SS-blocks
· FFS whether this information is available only in CONNECTED mode or in both modes
· FFS how to signal the position(s)

In this contribution, RRM measurement on the Idle RS will be discussed.
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Discussion
At least NR-SSS is used for DL based RRM measurement for L3. NR-SSS is transmitted in a ‘SS block’ and the SS blocks are transmitted in the periodicity of SS burst set. According to the agreements listed above from RAN1, it can be seen that in general, the configuration of an SS burst set may include:

· SS burst set periodicity

· Time window for SS detection (in relation to the timing of the cell on which the SS burst set configuration is transmitted)

· Position(s) of actually transmitted SS blocks with an SS burst set

Observation1.  The configuration of an SS burst set may include:
· SS burst set periodicity

· Time window for SS detection (in relation to the timing of the cell on which the SS burst set configuration is transmitted)

· Position(s) of actually transmitted SS blocks with an SS burst set

According to the agreement ①② from RAN1, the UE performs initial cell search with the assumption of a default SS burst set configuration, i.e. 20ms periodicity, 20ms time window and all possible SS block transmitted in the SS burst set. However after the UE camps on a cell, for the sake of power consumption and measurement accuracy, the default SS burst set can’t be assumed when performing cell reselection in IDLE and RRM mobility in CONNECTED. So according to agreement ③ from RAN1, after camping on a cell the IDLE UE may obtain further configuration information regarding the SS burst set periodicity that is valid for the carrier frequency. It is beneficial to define an SS burst set periodicity (and time window) per carrier frequency, as agreed (agreement ③), since it can be used to find any cells on the carrier frequency without further information. Similarly, it may be beneficial to be able configure the position(s) of actually transmitted SS blocks per carrier frequency. To make the information accessible to both IDLE and CONNECTED UEs, the SS burst set configuration can be included in the SI, e.g. in the “other SI”. The corresponding SIB may include not only the SS burst set configuration of the carrier frequency of the current cell, but also a list of the SS burst set configurations of other carrier frequencies (inter frequency).
Proposal 1: A list of SS burst set configurations, each valid for a carrier frequency, can be included in the SI, e.g. in the other SI. The configurations can be used by both IDLE and CONNECTED UEs.
Even though an SS burst set periodicity is defined for a carrier frequency, the network may choose to use a different SS burst set periodicity in a particular cell. For example, consider a carrier frequency on which 80 ms periodicity is configured. This periodicity is generally used by IDLE and CONNECTED UEs for cell search and RRM measurements. However, the network may choose to use 20 ms in a particular cell, for example to support higher mobility or to support initial cell selection in the area covered by the cell. It would be beneficial for IDLE UEs camping on the cell and for CONNECTED UEs served by the cell to be informed of this higher SS burst set periodicity.
Furthermore, it has been agreed that the position(s) of actually transmitted SS blocks of a particular cell can be informed to at least CONNECTED mode UEs per agreement ④ above. During cell search, the information on the position(s) of the actually transmitted SS blocks may not be very useful. However, after cell detection both IDLE and CONNECTED mode UEs need to monitor the cell-level quantity of detected cells. This involves measuring all beam-level quantities to derive the cell-level quantity from the beam-level quantities. Given that the maximum number of SS blocks for some frequencies is quite high, e.g. up to 64, the total amount of beam-level quantities that have to be measured for the monitored cells can be high. However, in many cases cells transmit significantly fewer SS blocks than the maximum number. Hence, by providing this information to both IDLE and CONNECTED UEs, they can significantly reduce their measurement effort.
Besides, according to the progress in RAN1, for random access, an association between SS blocks and RACH resources in a cell can be configured, in our view in the remaining minimum SI. It is not meaningful to define associations from not transmitted SS blocks to RACH resources. Therefore, it is reasonable to inform UEs of the position(s) of the actually transmitted SS blocks together with the random access configuration, which defines these associations.  

Proposal 2: The position(s) of actually transmitted SS-blocks can be informed to both IDLE and CONNECTED UEs, in the remaining minimum SI for the cell’s information, and in the other SI for neighbor cells’ information.

Considering the aspects discussed above, we propose to support including a cell’s SS burst set configuration in the cell’s remaining minimum SI. It should also be possible to include the SS burst set configurations of neighbor cells in the other SI.

Proposal 3: A cell’s SS burst set configuration can be informed in the remaining minimum SI.

Proposal 4: A list of neighbor cells’ SS burst set configurations can be informed in the other SI.
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Conclusion
RRM measurement on the Idle RS is discussed in this contribution with the following observations and proposals:
Observations:

Observation1.  The configuration of an SS burst set may include:

· SS burst set periodicity

· Time window for SS detection (in relation to the timing of the cell on which the SS burst set configuration is transmitted)

· Position(s) of actually transmitted SS blocks with an SS burst set

Proposals:

Proposal 1: A list of SS burst set configurations, each valid for a carrier frequency, can be included in the SI, e.g. in the other SI. The configurations can be used by both IDLE and CONNECTED UEs.
Proposal 2: The position(s) of actually transmitted SS-blocks can be informed to both IDLE and CONNECTED UEs, in the remaining minimum SI for the cell’s information, and in the other SI for neighbor cells’ information.

Proposal 3: A cell’s SS burst set configuration can be informed in the remaining minimum SI.

Proposal 4: A list of neighbor cells’ SS burst set configurations can be informed in the other SI.
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