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1 Introduction
In this contribution we provide preliminary thinking on suitable measurement gap patterns for NR.
2 Discussion

In RAN1#89 RAN1 reached the following agreement
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
Another aspect which could be considered is the duration of an SS burst set. RAN1 has defined L as the number of SS blocks within an SS burst set and agreed that : 

· 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
The duration of an SS burst set for different numerology may be derived as

Tburst = L × Nofdm x Tofdm where Tofdm is the duration of an OFDM symbol according to the SS burst numerology, and Nofdm is the number of OFDM symbols in an SS block.
Since the transmission of SS blocks is confined to a 5ms window, and assuming 0.5+0.5ms for switching implies that 6ms measurement gaps would be useful for NR measurement. Depending on the configuration of SS blocks within the SS burst set it is also possible that shorter measurement gaps would be useful for NR measurements.

Proposal 1 : Measurement requirements with 6ms MGL  measurement gaps are defined for NR, and other gap durations are not precluded

For the gap periodicity, a natural starting point is to consider the SS burst set periodicity. RAN4 is discussing SS burst set periodicity based on LS from RAN1, and the candidate values are 5ms, 10ms, 20ms, 40ms, 80ms and 160ms. It is clear that 5ms MGRP cannot be used with 6ms MGL, and 10ms MGRP is also likely to be inefficient or even give zero throughput depending on TTI length and HARQ feedback delay. 20ms MGRP may be feasible (further studies would be needed since  6/20 still corresponds to 30% of the time being measurement gap). 40ms, 80ms and 160ms should be feasible, although the usefulness of 160ms measurement gap depends on the discussion on 160ms burst gap periodicity. Hence we can conclude that at least 40ms and 80ms measurement gap periodicity would be useful for NR measurements
Proposal 2 : Measurement requirements with 40ms and 80ms MGRP  measurement gaps are defined for NR, and other gap durations (such as 20ms or 160ms) are not precluded

When the UE needs to measure multiple measurement objects with a single gap pattern and RF chain, the usage of gaps depends on whether the SS block are overlapping between frequency layers. However, shorter MGRP patterns are not likely to be feasible if they are not feasible for measurements of a single measurement object (for reasons of serving cell throughput) and longer MGRP patterns do not help achieve better performance with multiple measurement objects. Hence proposal 2 may not be impacted by gap sharing.

Proposal 3 : If  there is a single gap pattern in NR similarly to LTE, monitoring of multiple layers does not motivate definiting additional gap patterns
Proposals 1,2 and 3 are also relevant for interRAT measurement of NR which would be specified in 36.133. 

If MGRP is short compared to SS burst set periodicity, eg SS burst set periodicity is 80ms and MGRP is 40ms, then there can be benefit to offsetting the SS burst on each frequency layer by 40ms. This means that the UE could measure the f1 during the first 40ms gap and f2 during the second 40ms gap, and hence measure 2 frequency layers with the same performance as one frequency layer by virtue of having a gap pattern with twice the needed density.

If MGRP is the same or greater than SS burst set periodicity eg SS burst set periodicity is 80ms then SS bursts would need to align to the same time window and the UE would need to measure in a sequential manner with performance scaled by Nfreq, similarly as in LTE.

Proposal 4 : Consideration may need to be given to MGRP relative to SS burst set periodicity and whether the SS bursts on multiple frequencies are overlapping in defining the requirements.

The analysis in this contribution has considered SS burst only. Once the details of CSI-RS signal structure and measurements are clearer the conclusions of proposals 1-4 may need to be extended considering the CSI-RS structure.
Proposal 5 : CSI RS signal structure and measurements may also have impact to measurement gap patterns.

Next, we discusss some of the use cases for gaps and interruptions, following on from the architecture discussion in [2] where we identify 3 possible cases where measurements or interruptions may occur
Case 1 : The measurement resources are not completely available within the currently received bandwidth of the UE. There can be two sub-cases


Case 1a : The UE bandwidth can be increased to include the measurement resources without retuning the LO


Case 1b : The UE LO needs to be retuned to accommodate the measurement resources

Case 2 : The target measurement direction is in a different direction from the currently received cell

Case 3 : A received chain needs to be started / stopped (possible interruption impact)

We think it is important to identify the cases and the need for measurement gaps/interruption since (for example) the duration or impact of the gap or interruption may be different for different cases, or the cases may be impacted by different UE capabilities.

Case 1b is the most straightforward, since this corresponds rather exactly to the usage of measurement gaps in LTE (and WCDMA). Based on the analysis above, at least MGL=6ms and MGRP=40ms or 80ms may also be useful for allowing the UE to make NR measurements so the basic gap design may be very similar to LTE.
Case 1a is important to differentiate from case 1b, because in case 1a the UE may contine to receive the serving cell once the transient impact of bandwidth switching is complete. For example a UE may be operating with narrow bandwidth (eg due to BW adaptation) and may periodically open its receiver to wider bandwidth to make measurements. In this case, a pattern similar to LTE NCSG (network controlled short gap) could cater for the interruptions with less impact to serving cell operations.

Case 2 is interesting to discuss because much depends on if and how the UE performs beamforming to make measurements and receive the serving cell. Some UEs may use an omin-directional antenna, in which case there is no need to consider case 2. For other bands, or other UEs where RX beamforming is performed, the possibility to make measurements in a different direction depends on how the beamforming is implemented. Also, even if the UE performs analogue beamforming, it may be able to make some measurements at the same time as receiving from the serving cell, eg if both the serving cell and measured cell are visible from the same beam of the UE. This implies that case 2 may need to be covered by UE capabilities.

For case 3, we expect similar scenarios as LTE where a receive or transmit chain may need to be started or stopped, for example for NSA option 3 the following scenarios might need a chain to be started or stopped:
· Configuration or deconfiguation of a PSCell

· Reconfiguring PSCell to a different band

· Deactivated NR SCell measurements

· NR SCell activation

· NR SCell deactivation

As LTE, there may be a need to allow autonomous interruptions, or define suitable interruption control patterns similar to NCSG.

Proposal 6 : RAN4 continues to discuss cases for measurement gap and interruption, such as case 1a, 1b, 2 and 3
3 Conclusions

Proposal 1 : Measurement requirements with 6ms MGL  measurement gaps are defined for NR, and other gap durations are not precluded

Proposal 2 : Measurement requirements with 40ms and 80ms MGRP  measurement gaps are defined for NR, and other gap durations (such as 20ms or 160ms) are not precluded
Proposal 3 : If  there is a single gap pattern in NR similarly to LTE, monitoring of multiple layers does not motivate definiting additional gap patterns
Proposal 4 : Consideration may need to be given to MGRP relative to SS burst set periodicity and whether the SS bursts on multiple frequencies are overlapping in defining the requirements.

Proposal 5 : CSI RS signal structure and measurements may also have impact to measurement gap patterns.

Proposal 6 : RAN4 continues to discuss cases for measurement gap and interruption, such as case 1a, 1b, 2 and 3
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