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1. Introduction
In RAN1#88 following agreements were made:
Agreements:
· For detecting non-standalone NR cell, NR should support adaptation and network indication of SS burst set periodicity and information to derive measurement timing/duration (e.g., time window for NR-SS detection)

· For detecting non-standalone NR cell, 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 short 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 

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

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

· FFS other values with consideration for functionalities provided by NR-SS in connected mode

· FFS whether to support NR-PBCH in non-standalone NR cell

Agreements:
· 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]  

Conclusions:
· RAN1 should conclude one or multiple SS burst periodicity and the timing for UE RRM measurement per frequency carrier if indicated in the next meeting
2. Discussion on SS periodicity for RRM measurement
In Figure 1, we illustrate some SS burst set configurations/patterns according to different SSBS periodicity and SS block timing locations. 

It can be observed that in each SSBS configuration with periodicity larger than 5ms, the SS block timing location will also contribute to different SS burst set patterns from UE perspective. For example, comparing Config.2a and 2b, the UE has different understanding of the SS burst set pattern depending on whether the SS block starts in the first 5ms or the second 5ms of a frame. With longer periodicities, the SS burst set patterns also increase. Therefore, it is also important to consider both SSBS periodicity and measurement timing indication (SS block timing location) to ensure that UE measurement is correct. 
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Figure 1. Illustration of SS burst set periodicity and timing positiong
The most accurate indication would be that network indicates all the SSBS periodicities and corresponding SS block timing locations of each cell respectively for RRM measurement. However, signaling overhead may be not acceptable. Moreover, a UE may need to measure SSBS every 5 ms even if all cells uses 20 ms periodicity (e.g., config. 3 a/b/c/d), which would unnecessarily increase UE power consumption in both IDLE and CONNECTED mode..

In the last RAN1 meeting, it was discussed that whether one or two periodicities and measurement timing/duration are indicated for IDLE and CONNECTED UEs per frequency layer. In the following, we follow this discussion and share our views on it.

2.1 Intra-frequency measurement 
2.1.1 IDLE mode UE 

For UEs in IDLE mode, the following alternatives for intra-frequency RRM measurement are considered.
Alt 1: Network indicates one single shortest periodicity for RRM measurement in the same carrier frequency.
Consider three cells on the same carrier frequency configured with 5ms, 10ms and 20ms SSBS periodicities for cell 1, 2 and 3, respectively.   

For example, UE camps on cell 1; network indicates a single periodicity for RRM measurement: 5ms. In this case, when UE measures the quality of cell 2 and cell 3 according to the 5ms periodicity, there are instances that no SS blocks are transmitted, which leads to an inaccurate measurement results for neighbor cell 2 and cell 3.
Alt 2: Network indicates one single longest periodicity for RRM measurement in the same carrier frequency.

For example, UE camps on cell 1; network indicates a single periodicity for RRM measurement: 20ms. In this case, as long as the timing locations of SS blocks within the SS burst set with longer periodicity is a subset of the timing locations of SS blocks within the SS burst set with shorter periodicity, for example, the SS block locations in Config.3a and Config.3c is a subset of the SS block locations in Config.2a, then the UE will be able to measure the qualities of all the three cells. 
Observation 1: For IDLE mode UE RRM measurement, one single indication of the longest SS burst set periodicity of all the cells in the same carrier frequency can work, as long as the SS block timing locations within the SS burst set with longer periodicity is a subset of SS block timing locations within the SS burst set with shorter periodicity, i.e., subset alignment of all SS blocks in the same carrier frequency.
Observation 2: From network operating perspective, subset alignment of SS blocks is necessary since it ensures the simple indication of SSBS periodicity for RRM measurement and that UE can also detect cells that are not configured in the neighbor cell list. 
Alt 3: Network indicates two periodicities, one for the camping cell and the other for the neighboring cells in the same carrier frequency.
In this case, for camping cell measurement, the UE will follow the periodicity indicated. For neighbor cell measurement, from the above analysis, this indicated periodicity will still be the longest value of all the cells in the same carrier frequency. This also requires subset alignment of SS blocks in the same carrier frequency.
According to the SSBS configuration patterns as illustrated in Figure 1, for the SSBS periodicity longer than 5ms, the pattern is also determined by the actual SS block timing location. Therefore, it is needed to indicate the timing for each periodicity.
Observation 3: For IDLE mode UE, both Alt 2 and Alt 3 can work.
Comparing Alt 2 and Alt 3, it can be observed that Alt 3 has a slightly better flexibility than Alt 2, with a slightly higher signaling overhead. Alt 3 may provide lower latency in cell reselection when the neighbor cell SSBS periodicity is shorter than the camping cell. However, considering the signaling overhead for IDLE mode UEs, it is slightly preferred to go with Alt 2 for IDLE mode UEs.
Proposal 1: It is slightly preferred that Alt 2, i.e., one periodicities and one information regarding SS block timing locations is indicated to IDLE mode UE for intra-frequency measurement.
2.1.2 CONNECTED mode UE 

For UEs in CONNECTED mode, the same three alternatives for intra-frequency RRM measurement are considered.

Alt 1: Network indicates one single shortest periodicity in the same carrier frequency.
This is similar to UEs in IDLE mode, which will lead to inaccurate measurement results for cells with longer periodicity.
Alt 2: Network indicates one single longest periodicity in the same carrier frequency.

For example, with cell 1 with  5ms SSBS periodicity as serving cell, and cell 2 and cell 3 with 10ms and 20ms SSBS periodicity as non-serving cell, the network indicates a single periodicity to UE: 20ms. In this case, there are SS blocks that the UE is not aware of transmitted within the 20ms in the serving cell, causing wrong interpretation (mistaken PDSCH rate matching for SSBS) of DL transmitted signals.
From the above analysis, neither indicating a single shortest periodicity nor a single longest periodicity is suitable for CONNECTED mode UEs. It is natural to go to Alt 3 as follows:
Alt 3: Network indicates two periodicities, one for the serving cell which is the actual configured SSBS periodicity and the other for the non-serving cells, which is the longest periodicity of all the cells in the same carrier frequency.
Proposal 2: For CONNECTED mode UE, two SSBS periodicities and two information regarding SS block timing locations are indicated for intra-frequency measurement.
2.2 Inter-frequency measurement

For CONNECTED UE, for the inter-cell RRM measurement, one possible scheme is that the network indicates one longest (or larger) SSBS periodicity per non-serving cell frequency layer. However, since the network will avoid schedule UEs according to their corresponding inter-frequency measurement periodicity, this scheme will lead to high inefficiency scheduling for the serving cell because the serving cell has to avoid many measurement gaps (for example, the shortest periodicity of all carrier frequencies) due to the different SSBS periodicity and measurement configurations.
For example, as shown in Figure 2(a), two neighboring cells of a UE in different carrier frequency are configured with SSBS pattern Config 2a and Config 3a, respectively and are indicated to the UE. The network should avoid scheduling the UE every 10ms (the shorter periodicity) because the UE measures the neighbor cells according to Config.2a. Another case is that if the SS block timing locations of neighboring cells are not aligned, as shown in Figure 2(b), the network should avoid scheduling a UE with patterns highly dependent on the neighboring cells SSBS patterns, which is even smaller than 10ms. Therefore, it is not preferred to indicate one periodicity per non-serving cell frequency layer.
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Figure 2 Illustration of neighbor cell SSBS pattern combination
For IDLE mode UE, the analysis is similar. If too many SSBS periodicities are indicated, the UE measuring timing will be significantly increased and leads to unnecessary power consumption. 
From the above analysis, it is preferred that the network indicates one SSBS periodicity for inter-frequency RRM measurement.
Proposal 3: Only one SSBS periodicity regarding inter-frequency measurement is preferred to be indicated.
3. Conclusion
In this contribution, the following observations and proposals are made:
Observation 1: For IDLE mode UE RRM measurement, one single indication of the longest SS burst set periodicity of all the cells in the same carrier frequency can work, as long as the SS block timing locations within the SS burst set with longer periodicity is a subset of SS block timing locations within the SS burst set with shorter periodicity, i.e., subset alignment of all SS blocks in the same carrier frequency.
Observation 2: From network operating perspective, subset alignment of SS blocks is necessary since it ensures the simple indication of SSBS periodicity for RRM measurement and that UE can also detect cells that are not configured in the neighbor cell list. 
Observation 3: For IDLE mode UE, both Alt 2 and Alt 3 can work.
Proposal 1: It is slightly preferred that Alt 2, i.e., one periodicities and one information regarding SS block timing locations is indicated to IDLE mode UE for intra-frequency measurement.

Proposal 2: For CONNECTED mode UE, two SSBS periodicities and two information regarding SS block timing locations are indicated for intra-frequency measurement.

Proposal 3: Only one SSBS periodicity regarding inter-frequency measurement is preferred to be indicated.
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