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[bookmark: _Ref178064866]Discussion
According to previous agreements, a UE in RRC_IDLE or RRC_INACTIVE state performs cell re-selection based on measurements on the NR-SSS (and possibly DMRS of the NR-PBCH) in the serving and neighbour cells. These signals, which are part of the SS Block, may be transmitted in the form of SS Bursts, wherein an SS Burst consists of multiple SS Block transmissions, and a number of SS Bursts may be grouped into an SS Burst Set. The periodicity of an SS Burst Set may be configured to be 5, 10, 20, 40, 80 or 160 ms (different possibilities for different deployment scenarios). An SS Burst Set may for instance consist of beamformed SS Block transmissions together constituting a beam sweep. Even though repetition of the same SS Block within an SS Burst Set is not precluded, it is not required – and a UE cannot assume – that a given SS Block beam is transmitted more than once within an SS Burst Set.   
The periodicity of these signals may be quite long, resulting in long measurement periods when the UE monitors the downlink of neighbour cells, blindly searching for signals to measure on. This is costly from a UE energy consumption perspective and hence counteracts the energy-saving purpose of the RRC_IDLE and RRC_INACTIVE states.
A deployment scenario that may become quite common is a network where neighbour nodes (gNBs) are (tightly or roughly) synchronized, including the starts of SS Burst Set transmissions. Even though the SS Burst Set periodicities may be different in neighbour cells, they are always either equal or multiples of each other.
[bookmark: _Toc478046987][bookmark: _Toc478047022]Observation 1	The SS Burst Set periodicities of different cells are equal or multiples of each other.
These properties imply that all signals which are relevant for a camping UE’s cell re-selection measurements will likely be confined to a limited interval which is repeated with periods in between when no such signals are transmitted in any of the neighbour cell (or the serving cell).
[bookmark: _Toc478046988][bookmark: _Toc478047023]Observation 2	In a synchronized, or roughly synchronized network there will be repetitive time periods when it is useless and wasteful for a UE to search for DL signals for cell re-selection assessment in neighbor cells and in the serving cell.
It is desirable for a UE, especially in INACTIVE or IDLE state, to avoid wasteful downlink monitoring during time periods when none of the sought signals can be found. Since the network can be aware of this situation, including inter-node synchronization accuracy and SS Burst/SS Burst Set configuration in neighbour cells, e.g. using configuration or inter-gNB signalling, it would be beneficial to allow the network to assist the UE by configuring a camping UE with repetitive measurement windows, which cover the time periods when relevant signals may be transmitted in the serving and neighbour cells, but excluding time periods when no such signals are expected to be transmitted. Figure 1 below illustrates two variants of such measurement windows, one per SS Burst configuration and one per SS Burst Set configuration.
[image: ]
[bookmark: _Ref478046931]Figure 1: Two variants of configurable repetitive measurement windows
[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc478047018][bookmark: _Toc478047400]To avoid cell re-selection measurement attempts during time periods when no signals for cell-reselection measurements are available, the network should be able to configure a UE with repetitive windows that cover the time periods when DL signals relevant for cell re-selection (i.e. SS Block transmissions) may be transmitted in neighbor cells, but excluding time periods when no such signals may be available.
The measurement window configuration could be conveyed to the UE via the system information.
[bookmark: _Toc478047401]The (optional) measurement window configuration should be included in the system information.
An appropriately configured repetitive measurement window may significantly reduce the time a UE has to spend scanning and measuring on neighbour cells, but the UE still has to measure on all the SS Block transmissions of an SS Burst Set in each neighbour cell, which in itself may represent non-negligible measurement time, depending on how many SS Block transmissions the SS Burst Set consists of.
Observation 3	Even when redundant periods (when no SS Block transmissions occur) are skipped, a UE may have to spend non-negligible time measuring on all the SS Block transmissions in an SS Burst Set.
In LTE, 
1) Measurement and evaluation of serving cell: the UE shall measure the RSRP and RSRQ level of the serving cell and evaluate the cell selection criterion S (which is fulfilled when Srxlev > 0 and Squal > 0) for the serving cell at least every DRX cycle.
2) Measurements of intra-frequency E-UTRAN cells: the UE shall measure RSRP and RSRQ at least every Tmeasure,EUTRAN_Intra (1, 2, or 4 DRX cycles) for intra-frequency cells that are identified and measured according to the measurement rules. 
3) One of the measurement rules used by the UE to limit needed measurements: if the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements. Otherwise, the UE shall perform intra-frequency measurements. The SIntraSearchP and SIntraSearchQ specify the Srxlev threshold (in dB) and Squal threshold (in dB), respectively, for intra-frequency measurements.  The two threshold parameters are configured by the network in SystemInformationBlockType3 (SIB3). 
In NR, further reduction of the time that the UE has to spend on scanning and measuring could be achieved, if the UE were allowed to trade-off measurement performance (in terms of cell quality assessment accuracy) against measurement time. It is possible for a camping UE in RRC_IDLE or RRC_INACTIVE state to determine whether the quality of its serving cell is good enough after measuring and evaluating on a number of SS Block transmissions. In order to further reduce the measurement time, it is desired to allow a UE to be able to abort the measurement to conserve the energy when the UE determines that good enough measurement results have been collected to determine whether to remain in the serving cell or re-select to a neighbour cell (and if so, which neighbour cell to re-select to). 
Figure 2 below illustrates an example where the UE chooses to limit the needed measurements.  The UE is camping on the Cell B, and the Cell A is the neighbouring cell. As an example, the UE is assumed to perform intra-cell measurement at least every DRX cycle and perform inter-cell measurement at least every two DRX cycles. There are three measurement events shown in the figure. Ti, Ti’ and Ti’’ (i = 1, 2, 3) in the figure represent the UE measurement window. 
1) In the “benchmark” timeline, the UE performs intra-cell measurement during the measurement windows T1, T2 and T3, and performs inter-cell measurement during the measurement windows T1 and T3. 
2) In the “alternative 1” timeline, the UE chooses to abort the remaining measurement on SS Blocks of the inter-cell measurement after realizing the serving cell is good enough at the first measurement event. Thus, the size of the measurement window, T1’, is less than T1. Then, the UE only measures on the SS Blocks of the serving cell with the measurement window of T2’ and T3’ since the serving cell is still good enough. For T3’, UE starts to measure right before the SS Blocks transmission of the serving cell instead of aligning with the beginning of T3 (in the benchmark timeline). If the serving cell is not good enough after the second measurement event (with the measurement window of T2’) or the third measurement event (with the measurement window of T3’), the UE should perform the inter-cell measurement after the intra-cell measurement. For example, in the case that the serving cell is not good enough after the intra-cell measurement with the measurement window of T2’, the UE should perform the inter-cell measurement starting before or aligning with the beginning of T3. 
3) In the “alternative 2” timeline, the UE chooses to abort the remaining measurement on SS Blocks of the intra-cell measurement after realizing that an SS Block or a set of SS Blocks (e.g. a beam or a set of beams in a beam sweep, denoted SS Target) in the serving cell is good enough at the first measurement event.  Thus, the measurement time that the UE has to spend on is further reduced, with the measurement window of T1’’. Then, the UE only measures on the SS Target with the measurement window of T2’’ and T3’’ since the SS Target is still good enough which indicates that the serving cell is still good enough for UE to keep camping on. If the SS Target is not good enough after the second measurement event (with the measurement window of T2’’) or third measurement event (with the measurement window of T3’’), the UE should perform the measurements on other SS Blocks of the serving cell and select the new SS Target. If the UE could not find a valid SS Target in the serving cell, it should perform the inter-cell measurement. For instance, in the case that the SS Target is not good enough after the measurement with the measurement window of T2’’, the UE can keep the measurement window open to measure the other SS Blocks of the serving cell until discovering a new SS Target. If no valid SS Target is found in the serving cell, the UE should perform the measurement on the SS Blocks of the neighbouring cell A.  
Figure 2.  Example of UE limiting needed intra-cell and inter-cell measurements

In another example, the UE may have concluded that it is no longer suitable to camp on the current serving cell and that a better cell should be sought among the neighbouring cells. The UE may then abort the neighbour cell measurements and select a target cell to re-select to when it has measured on an SS Block transmission, or a set of SS Block transmissions (e.g. a beam or a set of beams in a beam sweep) in the neighbour cell, which fulfils the condition for re-selecting to and camping on the neighbour cell.
Proposal 3	A camping UE in RRC_IDLE or RRC_INACTIVE state should be able to abort the RRM measurements when the UE realizes the quality of the serving cell (or re-selection candidate cell) is good enough, instead of always measuring during the whole configured UE measurement window (i.e. including all of the SS Block transmissions in an SS Burst Set).
The condition for aborting a measurement procedure should preferably be configured by the network, e.g. in the system information block type 3 (SIB3), like SIntraSearchP and SIntraSearchQ in LTE.
Proposal 4	The condition for aborting a measurement procedure should be configured by the network by including the threshold parameters in the system information, e.g., in SIB3. 
  
Conclusion
In section 1 we made the following observations:
Observation 1	The SS Burst Set periodicities of different cells are equal or multiples of each other.
Observation 2	In a synchronized, or roughly synchronized network there will be repetitive time periods when it is useless and wasteful for a UE to search for DL signals for cell re-selection assessment in neighbor cells (and in the serving cell).
Observation 3	Even when redundant periods (when no SS Block transmissions occur) are skipped, a UE may have to spend substantial time measuring on all the SS Block transmissions in an SS Burst Set.

Based on the discussion in section 1 we propose the following:
[bookmark: _GoBack]Proposal 1	To avoid cell re-selection measurement attempts during time periods when no signals for cell-reselection measurements are available, the network should be able to configure a UE with repetitive windows that cover the time periods when DL signals relevant for cell re-selection (i.e. SS Block transmissions) may be transmitted in neighbor cells, but excluding time periods when no such signals may be available.
Proposal 2	The (optional) measurement window configuration should be included in the system information.
Proposal 3	A camping UE in RRC_IDLE or RRC_INACTIVE state should be able to abort the RRM measurement when the UE realizes the quality of the serving cell (or re-selection candidate cell) is good enough, instead of always measuring during the whole configured UE measurement window (i.e. including all of the SS Block transmissions in an SS Burst Set).
Proposal 4	The condition for aborting a measurement procedure should be configured by the network by including the threshold parameters in the system information, e.g., in SIB3. 
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