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Discussion and Decision
1      Introduction
RAN1 has made the following agreement during meeting #89 meeting:

	Agreements:
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements


RAN4 has made the following agreements during this September meeting:

Measurement gap pattern:

· Background : Gaps with MGL=6ms and MGRP=40ms,80ms and 160ms have been agreed already by RAN4 for NSA and SA NR measurements. LTE measurement requirements with MGRP=160ms will not be specified. 
· Additional shorter MGRP and/or MGL can be considered
· Candidate MGL=[3,4,5]ms
· Candidate MGRP=[20]ms
· Other MGRP and ML is not precluded
· Not to add the additional shorter MGRP and/or MGL is also an option
· Final selection of MGL and MGRP is expected in RAN4#84bis
· Shorter MGL can be applicable to NSA, SA or both
· Shorter MGL can be applicable to sub 6GHz, mm-wave or both
· Shorter MGRP can be applicable to NSA, SA or both
· Shorter MGRP can be applicable to sub 6HGz, mm-wave or both
· Interested companies should provide further details such as the advantage/disadvantages for shorter ML/MGRP, operation of LTE measurements with shorter MGL/MGRP (if requirements for LTE measurement will be specified), considerations on whether shorter MGL/MGRP applies to SA, NSA or both, considerations on whether shorter MGL/MGRP applies to sub 6GHz, mm-wave or both. Other analysis is not precluded
· RAN2 needs to be informed of RAN4 findings on measurement gap pattern to complete their work
Need for intra-frequency measurement gap:

· It was agreed (R4-1707424) that there are 3 categories of measurement
· Intra-frequency measurement without measurement gap
· Intra-frequency measurement with measurement gap
· Inter-frequency measurement
· Corresponding definitions of intra and interfrequency measurement were also agreed
· Following use cases are agreed for measurement  gap from RAN4 requirement point of view
· To enable UE to perform intrafrequency measurement when the SSB to be measured is not within the active bandwidth part
· To enable UE perform to RX beamforming in a different direction than the serving cell
· FFS for the use cases related to:
· To enable  UE to perform intrafrequency measurement using a different sub carrier spacing than the serving cell PDCCH/PDSCH
· Interested companies are invited to analyze
· The need for measurement gaps for the additional use cases
· Any corresponding impacts such as UE capabilities to allow the gNB to correctly configure measurement gaps as needed
· Switching times to be assumed by RAN4 for each of the measurement gap use cases
· The target is to complete the analysis by RAN4#84bis
· RAN2 needs to be informed of any additional UE capabilities which may be necessary
Measurement of multiple frequency layers with gap:

· Gap design in NR needs to support measurement of intrafrequency layers (for cases where gap is needed) and multiple interfrequency layers
· RAN4 should decide the approach in RAN4#84bis
· Option 1 : NW will configure a single uniform periodic measurement gap pattern to cover the union of SMTC of different frequency layers
· Option 2 : NW will configure multiple measurement gap patterns to cover SMTC of different frequency layers. 
· Option 2a : Gap pattern per frequency layer
· Option 2b: Gap pattern per SMTC group
· Option 2c: Gap pattern per frequency range (eg. sub 6Ghz, mm-wave) 
· Option 3 : NW will configure a single non-uniform periodic measurement gap pattern to cover the SMTC of different frequency layers
· Option 4 : Other option is not precluded
· RAN2 needs to be informed of RAN4 findings on measurement gap for multiple frequency layers to complete their work
· RAN4 will define suitable requirements for multiple layer monitoring using gaps (intra and inter) based on the outcome

RAN1 has concluded that the SS burst set duration will be within the 5ms window. RAN4 also have made some progress for SMTC measurement gap. However, RAN2 has not discussed related measurement issues for LTE and NR. This contribution provide different measurement gap use cases and requirements for further discussion on measurement gap design in NR.
2      Discussion
Measurement gap 
In legacy LTE, one measurement gap per UE is used for inter-frequency and inter-RAT measurement and no gap is needed for intra-frequency measurement. The reason is that LTE UE can perform intra-frequency measurement for multiple cells without the need to stop data transmission/reception and re-tuning. In NR, however the UE Rx beamforming switching may need to be taken into account. That means the UE may not be able to transmit or receive data to the serving cells while performing intra-frequency measurement. Another case is when the SS blocks is within the system bandwidth of NR system and the UE is receiving data on a different bandwidth, so in this case UE may need gaps to perform intra-frequency cell identification and measurement. In both cases, intra-frequency measurement gap may be needed.
Even though we would like not to standardize the Rx beamforming implementation detail in the requirement, the implementation margin caused by Rx beamforming switching shall still be considered in the requirement design. If UE implements one or couple specific Rx beams for serving cell and for target cell measurement UE has to use different Rx beams, the measurement gap is necessary in this case for beam switching. It can be defined as an inter-beam measurement, but since we cannot know which exact Rx beam is used by the UE, we propose to use the measurement gap for all beamforming based measurement, e.g. the measurement above 6GHz. 

In the above cases, if the UE is capable of non-gap measurement, then the no measurement gap is needed, but the baseline requirement shall be based on the gap based measurement. 

Proposal 1: NR system supports measurement gaps for intra-frequency, inter-frequency, inter-RAT measurements

Proposal 2: NR UE can optionally support intra-frequency, inter-frequency, inter-RAT measurement without the need for measurement gaps 

In LTE, PSS and SSS are sent on subframe 0 and subframe 5, therefore, there will always be one PSS/SSS within 5ms. Since RAN1 has also agreed that SS burst set will be sent within 5ms window, this means within each NR SS burst set, there will be at least one LTE PSS/SSS. Therefore, LTE and NR can share the same measurement gap.

Proposal 3: LTE and NR can share the same measurement gap
Measurement gap requirement in different scenerios
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Figure 1: Different SS burst set periodicity and offset example in multiple frequency layers
Figure 1 shows an example of SS burst set periodicity and different offset for different cells in multiple frequency layers. Cell 1 and 2 are in the same frequency and they are synchronized (i.e. timing boundary is aligned within slot/ subframe/ SFN) even though they have different SS burst set periodicity. Cell 3 are not synchronized to cell 1 and 2 Cell 4, 5 and 6 are in a different frequency layer. Cell 4 is in sync with cell 1 and 2 while cell 5 is synchronized with cell 3. Cell 6 is synchronized to other cells. Using this as an example, if the network configured the UE to perform measurement on f1 cell 1, cell 2 and cell 4. Measurement gap of 6ms with periodicity of 40ms should allow the UE to measure all three cells.   

Observation 1: A single measurement gap can be used if cells are synchronized cells and the SS block of neighbour cells can fit into a single measurement gap duration. 
In LTE, PSS and SSS are sent on subframe 0 and subframe 5, therefore, there will always be one PSS/SSS within 5ms. Since RAN1 has also agreed that SS burst set will be sent within 5ms window, this means within each NR SS burst set, there will be at least one LTE PSS/SSS. Therefore, LTE and NR can share the same measurement gap.

Observation 2: LTE and NR can share the same measurement gap if SS burst set is sent within 5ms window. 
Proposal 4: LTE measurement gap are supported at least for NSA, which is applied to both LTE and NR in NSA UE. 
Another example is that when the network configure the UE to perform measurement on cell 1 – 5. Since cell 3 and 5 are in sync and cell 1, 2 and 3 are in sync where the offset are the same. In this case, RAN4 has discussed 4 different options: 
· Option 1 : NW will configure a single uniform periodic measurement gap pattern to cover the union of SMTC of different frequency layers
· Option 2 : NW will configure multiple measurement gap patterns to cover SMTC of different frequency layers. 
· Option 2a : Gap pattern per frequency layer
· Option 2b: Gap pattern per SMTC group
· Option 2c: Gap pattern per frequency range (eg. sub 6Ghz, mm-wave) 
· Option 3 : NW will configure a single non-uniform periodic measurement gap pattern to cover the SMTC of different frequency layers
· Option 4 : Other option is not precluded
Proposal 5: RAN2 wait until RAN4 provides feedback how to support the case where cells are not fully synchronised or where SS block of neighbour cells are not sent within 5ms. 

3      Conclusion 
Observation 1: A single measurement gap can be used if cells are synchronized cells and the SS block of neighbour cells can fit into a single measurement gap duration
Observation 2: LTE and NR can share the same measurement gap if SS burst set is sent within 5ms window
Proposal 1: NR system supports measurement gaps for intra-frequency, inter-frequency, inter-RAT measurements

Proposal 2: NR UE can optionally support intra-frequency, inter-frequency, inter-RAT measurement without the need for measurement gaps 
Proposal 3: LTE and NR can share the same measurement gap
Proposal 4: LTE measurement gap are supported at least for NSA, which is applied to both LTE and NR in NSA UE. 
Proposal 5: RAN2 wait until RAN4 provides feedback how to support the case where cells are not fully synchronised or where SS block of neighbour cells are not sent within 5ms
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