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Discussion and Decision
1
Introduction

According to the multiple SS block transmission in wideband CC scenario introduced in RAN1, which different type of UEs(i.e. narrowband, wideband, CA UE) can operate simultaneously, due to the unique property of wideband CC, more challenges are introduced for measurement related aspects, in this contribution, we focus on the measurement gap scenarios in NR , and discuss the potential solutions. 
2
Discussion

2.1 Challenge to measurement gap in NR

In LTE, the definition of intra-frequency measurement and inter-frequency measurement are captured in TS36.300, for intra-frequency scenario except the scenarioG(i.e. for eMTC UEs), UE can measure the neighbour cells without gap assistant, which means UE is not required to retune the RF while measure both serving cell and neighbour cell, this is depends on the same frequency domain position of PSS/SSS signals among serving cell and neighbour cells in intra-frequency scenario. 

However, in NR, the centre frequency of SS block may not equal to the centre frequency of cell, so the definitions of intra-frequency and gap scenarios in LTE can no longer be reused in NR, considering the definition of intra-frequency and inter-frequency is an onging topic in RAN4, in this section, we will pay attention to the gap requirement from the aspect of frequency domain. To simplify the analysis, the impact of beamforming in NR is not taken into account in this contribution.

· Single SS block scenario
For same SS block centre frequency position for serving cell and neighbour cell, illustrated in Figure 1, in our view, gap is not required for neighbour cell measurement even if the centre frequency of serving cell and neighbour cell are different. 
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Figure 1 same SS block frequency position in single SS block scenario

Observation1. For same SS block centre frequency position for serving cell and neighbour cell, measurement gap may not be needed for UE to measure the target cell even if the centre frequency of serving cell and neighbour cell are different.

For different SS block centre frequency position for serving cell and neighbour cell, in LTE, the following similar scenario D in Figure2 is defined as intra-frequency measurement with gap assistant in TS36.300, that means RF retuning is required to measure neighbour cells although the synchronization signals of target cell is within the UE’s operation bandwidth, because UE’s measurement bandwidth is smaller than the operation bandwidth. 
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Figure 2 Scenario D in TS36.300

In NR, if the concept of measurement bandwidth is introduced for neighbour cells measurement as well, therefore, when the measurement bandwidth of UE is smaller than UE’s operation bandwidth, gap is probably required for single RF UEs to measure the SS block with different frequency position compares serving cell, illustrated in Figure 3. 
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Figure 3 different SS block frequency position in single SS block scenario

Observation2. If measurement bandwidth is introduced in NR, for different SS block centre frequency position for serving cell and neighbour cell, single RF UE might need measurement gap to measure the target cell while the frequency location of target SS block is outside of UE measurement bandwidth.

· Multiple SS block scenario
Regarding multiple SS block in wideband CC, RAN1 has achieved the following agreements: 

Agreement from RAN1#89:

· Support single and multiple SS block transmissions in wideband CC in the frequency domain
· For non CA UE with a smaller BW capability and potentially for  CA UE, the measurement gap for RRM measurement and potentially other purposes (e.g., path loss measurement for UL power control) using SS block is supported (if it is agreed that there is no SS block in the active BW part(s))
· UE can be informed of the presence/parameters of the SS block(s) and parameters necessary for RRM measurement 
· FFS: via either RMSI, other system information, or RRC signaling
· FFS: number of SS blocks in wideband
· FFS: number of SS blocks for RRM measurement
· FFS: Details of measurement configuration
For wideband CC with multiple SS block, wideband UE, CA UE and narrowband UE can operate in different bandwidth simultaneously as shown in Figure 4, assuming the wideband CC can be treated as single cell from the view of network RRC layer, in the same serving cell, different UEs may monitor different SS blocks for serving cell RRM measurement and RLM, for example, for wideband UE, it can monitor/measure on any SS block, for CA UE, it can monitor/measure on the SS blocks belong to BWP1 and BWP2, for narrowband UE1, only SS block in BWP1 can be measured, also for narrowband UE2, only SS block in BWP4 can be measured. In addition, according to the yellow highlight in above RAN1 agreement, if no SS block in BWP is supported in RAN1, indeed gap may be needed for serving cell RRM measurement. 
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Figure 4 multiple SS block in wideband CC
Observation3. For multiple SS block scenario, different UE with different capabilities(i.e. wideband, narrowband, CA) may monitor/measure on the SS block of different frequency positions for serving cell RRM measurement and RLM.
Based on above analysis, for a given neighbour cell, gap requirement maybe differ among different UE types, take figure 5 as an example, the frequency position of SS block of measured neighbour cell is same with the SS block in BWP3 of the serving cell. For CA UE and narrowband UE1, gap is required for RF retuning to measure the neighbour cell; for narrowband UE2, gap is not required due to the same centre frequency location of serving cell and neighbour cell; for wideband UE, assuming that UE is required to measure only one SS block in frequency domain, and the monitored SS block belongs to BWP3, then gap is not required for neighbour cell measurement, on the other hand, if the monitored SS block in serving cell belongs to other BWP, gap may be required while the UE measurement bandwidth is narrow, but for wider measurement bandwidth gap may not be required.    
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So as we discussed above, in spite of the definition of above case is intra-frequency measurement or inter-frequency measurement, gap requirement may be various among different UE types. 

Observation4. For multiple SS block scenario, gap requirements may be differ among UE types(i.e. wideband, narrowband, CA) for measuring the same neighbour cell.
2.2 Configuration of measurement gap in NR

In LTE, for normal measurement gap, UE can deliver the gap requirement indication in UE capability to network, the structure of indication is a set of linkage between serving band and target band, or linkage between serving band combination and target band, since the definition of intra-frequency and inter-frequency is network specific, and gap is not required for intra-frequency scenario due to the PSS/SSS is only contained in the centre 6RB of cell. So network can based on the received gap capability and centre frequency for serving and neighbour cell to determine whether gap is needed for UE. 

In NR, based on the analysis in section 2.1, we can figure out gap requirement maybe differ among UEs for measure the same neighbour cell, so if network specific definition of intra and inter frequency measurement is adopted in RAN4, then the architecture of gap capability report and judgement in LTE can not be reused in NR any longer, if UE specific definition of intra and inter frequency measurement if adopted in RAN4, then network should based on UE’s RF capability to determine the gap requirement and then derive the definition of intra or inter frequency measurement. 

Observation5. Irrespective of the definition of intra-frequency and inter-frequency measurement, the previous R8 mechanism of gap capability report and judgement in LTE can not be reused in NR any longer.
To tackle the issue of gap judgement in NR, following two options can be discussed in RAN2:

· Option 1: reuse the similar LTE R14 per-cc gap mechanism, for each measurement configuration or serving cells addition/release configuration, UE can report per-cc gap requirements to network(i.e. including PCell), then network configure measurement gap towards UE.

· Option 2: UE should send detail RF capabilities to network for gap judgement, at least including the number of RF chain, supported band list of each RF chain, supported measurement bandwidth of each band. 

We suggest to discuss the above two options for gap judgement and configuration framework in NR.

Proposal 1. RAN2 is kindly asked to discuss the following two options for gap judgement and configuration framework in NR.
· Option 1: reuse the similar LTE R14 per-cc gap mechanism, for each measurement configuration or serving cells addition/release configuration, UE can report per-cc gap requirements to network(i.e. including PCell), then network configure measurement gap towards UE.

· Option 2: UE should send detail RF capabilities to network for gap judgement, at least including the number of RF chain, supported band list of each RF chain, supported measurement bandwidth of each band. 

To ensure the progress of standardization, we suggest that option1 can be adopted as baseline in NR, and send LS to RAN4 to ask whether the detail RF capabilities can be reported from NR UE to network to assist gap judgement. 

Proposal 2. Take Option1 as baseline for gap judgement and configuration framework in NR, and ask RAN4 whether Option2 can be supported in NR UE.
3
Conclusion

This contribution gives some consideration on measurement gap with the following observations and proposals:

Observation1. For same SS block centre frequency position for serving cell and neighbour cell, measurement gap may not be needed for UE to measure the target cell even if the centre frequency of serving cell and neighbour cell are different.

Observation2. If measurement bandwidth is introduced in NR, for different SS block centre frequency position for serving cell and neighbour cell, single RF UE might need measurement gap to measure the target cell while the frequency location of target SS block is outside of UE measurement bandwidth.

Observation3. For multiple SS block scenario, different UE with different capabilities(i.e. wideband, narrowband, CA) may monitor/measure on the SS block of different frequency positions for serving cell RRM measurement and RLM.
Observation4. For multiple SS block scenario, gap requirements may be differ among UE types(i.e. wideband, narrowband, CA) for measuring the same neighbour cell.
Observation5. Irrespective of the definition of intra-frequency and inter-frequency measurement, the previous R8 mechanism of gap capability report and judgement in LTE can not be reused in NR any longer.
Proposal 1. RAN2 is kindly asked to discuss the following two options for gap judgement and configuration framework in NR.
· Option 1: reuse the similar LTE R14 per-cc gap mechanism, for each measurement configuration or serving cells addition/release configuration, UE can report per-cc gap requirements to network(i.e. including PCell), then network configure measurement gap towards UE.

· Option 2: UE should send detail RF capabilities to network for gap judgement, at least including the number of RF chain, supported band list of each RF chain, supported measurement bandwidth of each band. 
Proposal 2. Take Option1 as baseline for gap judgement and configuration framework in NR, and ask RAN4 whether Option2 can be supported in NR UE.
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