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1
Introduction
During previous RAN4 meetings companies have discussed the concept of small gaps for inter-frequency measurements and at RAN4#72Bis meeting several contributions have been presented [1][2][3][4]. 
The purpose of this concept is reduction of the measurement gap length, mainly to shorten measurement delay, improve UE scheduling opportunity and power savings or increase measurement flexibility. On the other hand introduction of new gap pattern may bring some challenges, e.g. in terms of co-existence with legacy gap pattern. 

This contribution tries to summarize outcome of recent RAN4 discussions on small gap concept and particular proposals made for inter-frequency measurements.
2

Discussion
2.1. General concept and detailed proposals 

The main proposal for the small gap pattern, which has been recently discussed in RAN4, is concept of visible interruption as presented for instance in [3]. The concept of visible interruption consists of first VIL, ML, second VIL, and VIRP as shown in Figure 1. First VIL, ML, and second VIL are contiguous. They are continually repeated over VIRP. Only during VIL, the interruption due to measurement can be allowed.
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ML: Measurement Length
VIL: Visible interruption length
VIRP: Visible interruption Repetition Period




Figure 1. The concept of visible interruption [3]
Regarding lengths of ML, VIL and VIPR, proponent companies’ views are quite aligned, since all presented proposals try to suit small gap pattern into existing pattern. This means that VIL+ML+VIL is proposed to be in most cases equal to 6ms. Unlike in current gap pattern, visible interruption concept allows data scheduling on serving cell during ML when actual inter-frequency measurements are done on unused RF chain – here serving cell interruptions (visible interruptions) due to frequencies schwitching or turning on/off an idle RF chain are allowed only during VIL. In current gap pattern data scheduling on serving cell is not allowed during entire measurement gap.

Detailed proposals for visible interruption concept presented in RAN4 are as follow:   
· (VIL, ML, VIL) = (1, 4, 1) and (1, 5, 1) for inter frequency/RAT measurement. Other combinations are not excluded [3]
· According to [1]

	DL
	UL

	VIL – MIL – VIL
	VIL – MIL – VIL

	1-4-1
	1-4-2

	1-5-1
	1-5-1

	1-5-1
	1-5-2


As can be noticed from above proposals, not in all cases current gap pattern length (6ms) is kept. This is mainly due to assumption of 1ms for VIL (interruption at the beginning and end of gap consumes 1 subframe due to frequencies schwitching or turning on/off an idle RF chain) and 5ms of ML (5 subframes for measurement in order to correctly acquire PSS/SSS which comes in every 5ms). However, further discussions and analysis are needed in RAN4 to agree on final small gap pattern. 
2.2. Argumentation for and against visible interruption concept
General arguments for introduction of small gap pattern can be as follow [5]:
· reduction of measurement delay 

· increasing of UE scheduling opportunities
· reduction of UE power consumption

· improvement of measurement flexibility

After further improvements, visible interruption concept is expected to fulfil all of above objectives. Already at this stage it can be assumed that presented concept increases UE scheduling opportunities due to allowing of data scheduling on serving cell during ML.
When analyze RAN4 discussion outcome on visible interruption concept it is hard to find strong argumentation against. The concerns raised during the discussion are connected mainly with details not principles of presented concept. In general, those concerns are [4]:
· Each VIL in small gaps in a measurement occasion needs to be 5 ms for intra-band CA. This means small gaps will be larger than existing gap which is 6 ms.
· The simultaneous use of small gaps for SCC measurements and existing gap pattern for inter-frequency/inter-RAT measurements may affect intra-frequency measurement performance and UE implementation. These aspects need further investigation.
· If small gaps are used for SCC measurements only when existing gap pattern is not configured, then we assume that the UE will use the existing gap pattern for SCC measurements. If so then several aspects need further investigation e.g. impact on existing inter-frequency/inter-RAT measurement performance, UE implementation for switching between 2 types of gap patterns.

Due to these concerns it is clear that more analysis is needed.
2.3. Summary and conclusion
Taking into account expectations of general performance improvement due to small measurement gaps it seems to be reasonable to continue the discussion on visible interruption concept. On the other hand, open issues identified e.g. in [4] indicate that it is hardly feasible to finalize connected work in Rel-12 timeframe. Therefore, it seems to be common understanding among companies in RAN4, that further work and discussion on visible interruption concept should be moved under Rel-13. Open question is whether corresponding work should be continued under TEI13 or as new SI/WI.
2.4. Possible way forward

Next general steps which RAN4 should do in connection with visible interruption concept, can be as follow:
· Taking a decision whether RAN4 should continue the discussion at all
· Taking a decision whether possible work should be continued as TEI13 or separate SI/WI

· Continue the work according to RAN4 agreements

3
Conclusion
This contribution tries to summarize RAN4 discussions made on small measurement gap solutions, especially concept of visible interruptions. Based on those discussions it is not clear whether RAN4 should continue work on this topic because several issues have been identified [4]. However, some performance improvements due to small gap pattern are expected [5]. RAN4 has to decide what will be the next steps in this topic.
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