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1 Introduction
RAN4 has received an LS [1] from RAN2 on inter-frequency small cell discovery with reduced UE power consumption impact. The topic was discussed in RAN4#68 meeting in which also the WF in [6] was agreed. In this paper we will continue the discussion related to the topics from the LS and based on the agreed WF. Based on our paper [5] and the questions raised by RAN2 related to how to potentially enable efficient inter-frequency measurement with minimized UE power consumption impact, we will in this paper concentrate on the discussing our preferred network controlled based solution.
In [2] we have drafted a proposal on LS reply to RAN2.
2 Topics to be addressed
As stated in in the LS from RAN2 [1]:

RAN2 sees following options to realize these measurements with relaxed performance requirements – more detailed information about these alternatives can be found in R2-131897:

1. Using existing measurement gap pattern with existing measurement gap repetition periods (UE decides on how exactly to do the measurements to comply with the requirements) 

2. UE uses autonomously initiated gaps.  

a. RAN2 prefers that the UE autonomous gap does not interfere with ongoing data transmission i.e. the UE should only have autonomous gaps while being in DRX.

3. Defining an additional measurement gap repetition period (in addition to existing 40 and 80ms MGRP)

And in the WF agreed [6] the following issues for investigation were listed:

1. Feasibility of relaxing RRM performance requirements
2. Feasibility of type of gap pattern for small cell discovery  
3. Type of requirement(s) to relax

According to the LS, RAN2 considers that any method that is developed should work with a scenario where UE is configured to measure inter-frequency layer(s) using existing measurement gap patterns and performance.

What is important to notice is that the LS from RAN2 does not actually mention which level of relaxed performance requirements would be needed. But from the RAN2 discussions [5, 7-12] can be concluded that some relaxation in the cell detection is seen beneficial in order to ensure UE power savings.
3 Feasibility of relaxing RRM performance requirements
The first point is that the relaxed performance requirements refers to extending the measurement time, which is also captured in the WF [6]. In our view the extending of the measurements time means reduced measurement activity on the given carrier. This can then be realised using different solutions of which the following were discussed in last RAN4 meeting:

· Option 1: Existing measurement gap patterns (#0 or # 1) are feasible;
· We see this similar to proposal 1 in the LS
· Option 2: New measurement gap pattern with longer periodicity is feasible;
· We see this similar to proposal 3 in the LS
· Option 3: UE autonomous gaps are feasible;
· We see this similar to proposal 2 in the LS
· Option 4: The above options (Options 1-3) are not feasible;
· This refers to that none of the proposals in the LS are feasible. This could either mean that relaxed requirements are not feasible to introduce at all or another solution than those proposed in the LS would need to be considered.
Options 1-3 were discussed in [5, 9, 10, 11]. Option 2 was related to introducing a new type of measurement gap pattern in similar style as existing but with longer MGRP and was discussed in [5]. Introducing a new burst style of patterns that would be repeated with a given interval (option 4) was discussed in [10, 12]. Option 3 using UE autonomous gaps was discussed in [9]. Following we will evaluate each option and its impact on system performance and UE impact. It should be noted that option 4 could also refer to that none of the options indicated in the LS would be feasible.
Before going into the details of each solution, we find it important first to discuss which level of relaxation in inter-frequency/RAT cell detection (and possible measurements) the companies in RAN4 are willing to accept. It would be important for the discussion to understand whether cell detection times can be noticeably increased or not as this would have impact on the solution and how complex such a solution should be.
Proposal 1: RAN4 should first discuss and decide which level of relaxation in inter-frequency/RAT cell detection (and measurement) is acceptable.

When discussing the relaxed performance requirements for background search it also important to understand that this will increase the cell detection times. However, it is also worth noting that increase in the cell detection times may in fact not always cause negative impact on the overall mobility performance. The use case and background for RAN2 to send the LS was to use such relaxed requirements in cases where the UE would need to search for small cells deployed on another carrier than serving cell. In these situation longer cell identification time is not always that critical as it is probably quite ok (or even beneficial), that UE moving a bit faster do not even detect small cells and therefore do not propose a handover to such cells either. It may even be so that the network is using relaxed performance requirement exactly in order to ensure longer cell detection times such that faster moving UEs would not report small cells as fast as with current requirements.
Current minimum performance for inter-frequency cell detection is 3.84 seconds when using gap pattern 0. This cell detection should be used as baseline when discussing relaxation of the requirements. In order to ensure some noticeable gains on UE side it is likely needed to allow significant relaxations compared to current requirements.
When RAN4 can form a common understanding of acceptable level of relaxed performance requirements for background search, it would be possible to decide which of the listed proposals would be most suitable to enable such relaxation. If RAN4 is not able to agree on an acceptable level of relaxed performance requirements for background search, we propose to ask RAN2 for guidance on which relaxation levels have been discussed in RAN2 in reply LS.
Proposal 2: If RAN4 is not able to agree on an acceptable level of relaxed performance requirements for background search, we propose to ask RAN2 for guidance on relaxation levels.

Next, we look at these 4 options more in detail and also try to analyze what would be the most preferred approach.
4 Feasibility of type of gap pattern for small cell discovery
It is worth noticing that some UEs need gaps in order to perform inter-frequency measurements while others do not. In this section we will discuss the topic of how to enable relaxed requirements for UEs that requires gaps.

Here we look at the feasibility and our preference of the gap option 1-4 as listed in WF [6] and above.

1.1 Existing measurement gap patterns
This approach would not need definition of any new gap pattern but would instead re-use existing gap pattern 0 or 1. Relaxed performance requirements would be realized e.g. by increasing the UE cell detection times. It would then be up to UE implementation to use the amount of gaps needed in order to fulfil the performance requirements set for detection and measurement of cells according to the relaxed requirements.
This approach seems rather simple in terms of no need to define new gap pattern and no big impact on UE implementation. But the solution would likely lead to the fact that some gaps are left un-used which from a system point of view may not be desirable. The system loss in terms of gaps not used by the UE for measurements and which cannot be used for scheduling by the network, will depend on which requirements RAN4 agrees on. But as an example – if the UE performance is relaxed such that e.g. UE cell detection could take 4 times as long time compared to today’s requirements (e.g. by having MGRP is set to 320ms) it could lead to that 75% of the gaps could remain un-used. Using gap pattern 1 as base it could lead to that only 25% of the resources reserved for gaps are also used by the UE for inter-frequency cell detection and measurements, while the rest of the assigned gaps are unused. I.e. out of 150ms time allocated for measurement time per minute the UE may actually only in practice use 37.5 ms of the allocated time. The resources allocated for gaps (112,5ms) are left as un-used resources which cannot be utilized by the network e.g. for scheduling the UE. This could have negative impact on the UE throughout.
Although this solution from UE point of view is very simple it may in some cases impact the UE throughput compared to other patterns, which may not be desirable. Having a solution which is based on that a UE would have more gaps than needed in order to fulfil performance requirements – i.e. not using all the assigned measurement gaps - while the network in practise would not be able to use un-used gaps for scheduling the UE seems against normal design principles.
1.2 Define a new gap pattern

Here RAN4 would need to define a new gap pattern in similar way as we now have gap patterns 0 and 1 e.g. define a new gap pattern 2 with less frequent occurrence of the gap (longer MGRP). Defining a new gap in the same way as the existing – i.e. one gap once per gap repetition – would be simple and feasible from UE cell detection point of view. The actual cell detection requirements would of course need to be scaled accordingly and depend on the gap repetition periodicity. As the performance requirements would be aligned with the gap pattern this solution would not introduce un-used gaps as discussed in section 4.1. The solution therefore looks more promising from a UE throughput and potentially also from system TP loss point of view. Therefore we do see this single gap option with extended MGRP as the one promising solution which would have rather small impact on UE implementation.
1.3 UE autonomous gaps

This approach would mean that the UE would use autonomous gaps, while at the same time RAN2 prefers that such autonomous gaps would not interfere with ongoing data transmissions. I.e. the measurements would either need to be performed while UE is in DRX or – if this is not possible – the network would have to ensure gaps in the transmission such that UE can fulfil the relaxed performance requirements.

From UE point of view such solution would be rather simple while this could mean that the network would need to ensure enough unscheduled time for UE to perform the measurements or configure UE with activated gap pattern when not in DRX in order to ensure the performance (existing behaviour). If the gaps are not ensured from network side it could lead to reduced offloading of UEs. The alternative to ensuring gaps for UE such that possible transmissions are not lost would be to allow UE interrupting the data transmission during transmissions. This of course would lead to loss of data which is against the RAN2 preference. This solution will impact both the UE throughput as well as the system throughput due to the un-synchronised interrupts.

If using same approach as in section 4.1 it could lead to up to 37.5ms of lost scheduling and data drop per minute as the network would not be aware when such potential UE autonomous interrupts would occur.
Therefore it seems that a solution based on UE autonomous gaps will have the biggest impact both on UE TP and system level impact. We do not see this solution as a preferred solution.
1.4 The above options (Options 1-3) are not feasible
Section 4.2 discussed introducing a new measurement gap pattern in a similar way as the existing e.g. by having a measurement gap once per MGRP. However definition of a new gap pattern as a burst of gaps (a series of gaps) repeated with a given interval (similar to measurement gap repetition period - MGRP) is also a solution which was discussed in [10, 12]. Such a solution would be rather similar to having one of the existing gap patterns activated and deactivated by eNB with given intervals. As the gaps would be synchronised between UE and network the impact on UE throughput and system TP point of view would be rather similar to a solution based on the proposal in section 4.2.
A solution with an infrequently repeated gaps or gap burst also seem to have low UE impact as well as reduced system impact in term of TP when compared to a solution using current gap pattern (as discussed in section 4.1).

1.5 General considerations
Solutions based on a new measurement gap pattern with longer MGRP or where a set of measurement gaps are repeated with a longer repetition period in a similar way as MGRP could be solutions which have minimal impact on UE implementation, UE TP and system level TP.
A solution based on UE autonomous gaps will likely have negative impact on both UE TP as well as system level TP due to loss of scheduled data.

A solution based on using existing gap pattern 0 and 1 and leave it up to UE implementation could limit the network usage of the relaxed performance requirements. One example could be that the network configures UE to use relaxed performance requirement in order to ensure slower cell detection in order to ensure that faster moving UEs would not detect the small cells that easy and would not report them.

In the sections above we discussed the different options listed by RAN2 and in the WF. Based on the discussion we find it feasible to define new relaxed RRM performance requirements. Considering that these relaxed UE requirements are intended for discovering small cells we would see that the UE requirement relaxations are also justifiable. In a typical small cell environment most of the UEs are moving with lower mobility than in case of typical macro cell environment. Therefore, it would also be acceptable that the time for finding and measuring a new inter-frequency small cell is also somewhat longer. Naturally in an area, where small cells are located, there may also be high mobility UEs but then it is anyway questionable whether these high mobility UEs should be moved from macro to small cells and therefore discovery of inter-frequency small cells for high mobility UE is not even critical. Sometimes, it would even better from the false detection point of view that the high mobility UE does not even detect inter-frequency small cells.   

Based on the finding of this contribution we see that all of options 1-4 are feasible but options 1, 2 and 4 seem the most potential solutions.
Proposal 3: Indicate to RAN2 that RAN4 finds the options from RAN2 as feasible and feasible to introduce relaxed performance requirements for background search.

Proposal 4: Indicate to RAN2 that based on the finding all of options 1-4 are feasible but options 1, 2 and 4 seem the most potential solutions.

5 Type of requirement(s) to relax Type of requirement(s) to relax
RAN2 also discussed whether relaxed requirements would apply to cell detection or would it also apply to RSRP/RSRQ measurements.

Current cell detection includes also one round of measurements. Our general view is that it should apply to both cell detection and measurements.

Proposal 5: Relaxed requirements are applicable to cell detection and measurements.
6 Performance Requirements

While the discussion related to how the UE potentially performs the measurement using gaps only applies to a UE that actually needs measurement gaps for performing inter-frequency measurements – the related relaxed performing requirements would be applicable to all UE categories (i.e. both UEs that needs gaps and UEs that do not need gaps).

As discussed RAN4 would first need to discuss and agree which level of relaxation of the performance requirements that is seen acceptable. Then secondly the actual solution how best to realize the minimum performance requirements would need to be discussed. I.e. how to ensure gaps according to the outlined proposals for UEs that needs gaps, while for UEs that do not need gaps the same relaxed minimum performance requirements would need to be aligned – in order to allow such UEs to enable the power savings used as one reason for introducing the relaxed requirements.
As mentioned, we see the relaxed performance requirements in form of longer UE cell detection time we will next discuss how this would be done according to the option discussed in section 4.2.
1.6 Define a new gap pattern
In the following we have illustrated one approach how the relaxed cell identification time could be defined and what impact it could have on the specification:

1.6.1 E-UTRAN FDD – FDD inter frequency measurements when no DRX is used

When measurement gaps are scheduled, or the UE supports capability of conducting such measurements without gaps, the UE shall be able to identify a new FDD inter-frequency within TIdentify_Inter according to the following expression:
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Where:

TBasic_Identify_Inter = 480 ms. It is the time period used in the inter frequency equation where the maximum allowed time for the UE to identify a new FDD inter-frequency cell is defined.

Nfreq is defined in clause 8.1.2.1.1 [4] and Tinter1 is defined in clause 8.1.2.1 [4]
Using the example of defining a new gap pattern and the current approach it would then mean that Tinter1 in clause 8.1.2.1 would be decreased according to which MGRP would be agreeable to RAN4.
RAN4 would of course also need to address the requirements under DRX as well as how to handle the case when UE has both a carrier configured with relaxed performance requirements as well as one or more with non-relaxed requirements (i.e. what we have today)
When RAN4 have concluded on which approach to take it would likely also be necessary to discuss the measurement accuracy to be defined when applying relaxed performance requirements. In [2] we have provided a draft LS reply to RAN2.
7 Conclusions 
In this paper we addressed and discussed the incoming LS from RAN2 concerning relaxed performance requirements based on the outcome of small cell discovery and offloading discussion in RAN2. The different options listed by RAN2 and in the WF [6] on how to realize the gaps and their impact were discussed. Based in the discussion we conclude with following 3 proposals: 
Proposal 1: RAN4 should first discuss and decide which level of relaxation in inter-frequency/RAT cell detection (and measurement) are acceptable.

Proposal 2: If RAN4 is not able to agree on an acceptable level of relaxed performance requirements for background search, we propose to ask RAN2 for guidance on relaxation levels.

Proposal 3: Indicate to RAN2 that RAN4 finds the options from RAN2 as feasible and feasible to introduce relaxed performance requirements for background search.

Based on the finding of this contribution we see that all of options 1-4 are feasible but options 1, 2 and 4 seem the most potential solutions.

Proposal 4: Indicate to RAN2 that based on the finding all of options 1-4 are feasible but options 1, 2 and 4 seem the most potential solutions.

Proposal 5: Relaxed requirements are applicable to cell detection and measurements.
In [2] we have provided a draft LS reply to RAN2. 
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A.  Appendix A

In summary the differences with approaches [3]:

	
	No new gap pattern (Existing gap patterns are utilized)
	New Gap Pattern
	Autonomous Gap Pattern

	Only one inter-frequency layer (small cell layer)
	Loss in scheduling flexibility when UE not using gaps –around 6 out of 80ms or 40ms (7.5% or 15%) lost scheduling opportunities 

NW configures legacy gap pattern.

Once inter-frequency cell is detected, RSRP/RSRQ measurement is done with all gaps and normal measurement accuracy apply.  
	Less lost scheduling opportunities e.g. if 6ms every 3seconds then there would be around 6ms/3000ms = 0.2% lost opportunities

NW configures new gap pattern.

Once inter-frequency cell is detected, re-configuration is needed to apply legacy gap pattern to meet normal measurement accuracy unless worse measurement accuracy is acceptable for small cell layer.
	Lost scheduling opportunities according as NW needs to ensure appropriate DRX periods or otherwise UE performance is unpredictable in order to fulfil RAN2 preference.



	Multiple inter-frequency layers (e.g. mix of small and macro cell layers) 
	NW configures legacy gap pattern and indicates which carrier is measured with relaxed measurements.

Macro frequency layer measurement with normal performance and small cell layer measurement with relaxed performance 


	NW decides whether to configure legacy gap pattern (in order to get good enough performance for inter-frequency coverage (macro layer) measurements) or new gap pattern for relaxed measurements.


	Similarly to signel inter-frequency layer – NW needs to ensure appropriate gaps by not scheduling UE. 

	RAN2 Specification impact 
	Indication for which carrier relaxed performance is needed e.g in measObjectEUTRA 

RAN2 impact small
	Definition of new gap pattern (probably) in MeasGapConfig (new codepoint) 

RAN2 impact small
	Indication for which carrier relaxed performance is needed e.g in measObjectEUTRA 

RAN2 impact should not be big
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