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1 Introductioion
RAN4 has extensively discussed relaxed performance requirements for hetnet mobility[1-32]. The discussion was triggered by a liason statement in [1], and RAN4 has provided two responses to the questions in [21] and [31]. In addition, in response to the followup question asked in [21], RAN2 provided an additional liaison statement [32] which indicated 

“From RAN2 point of view, there is no strict limitation to stick to RAN2 options for realizing relaxed measurement performance requirements. However, RAN2 would note that the options presented in the earlier RAN2 LS were, in RAN2 view, the main alternatives that could be considered for realizing the relaxed measurements. 

It should be also noted that RAN2 expects to close this WI during REL12 and the solutions for small cell discovery (e.g. the relaxed measurements) will also have impacts to RAN2 ASN.1, so as quick responses as possible on the relaxed measurement requirements are appreciated.”
A previous reply LS, [31] has answered questions 1 and 3 in the original liaison statement from RAN2, and there are also partial responses to question 2 in [21]. The main aspect which is still open is the appropriate gap pattern for relaxed measurement performance, and this aspect is considered in greater detail in this contribution. Earlier it was not clear if discussion of other alternatives than the 3 options suggested by RAN4 was within the remit of RAN4 discussions, however this aspect is now clarified by RAN2 [32].
2 Disucssion

The main options which have been considered for gap pattern design in RAN4 are 

(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) (option 1 in the original RAN2 LS[1])

(2) UE uses autonomously initiated gaps.  (option 2 in the original RAN2 LS[1])

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) (option 3 in the original RAN2 LS)
(4) Configuring the UE explicitly with a burst gap pattern (option presented in [22])
Of these options, all of (1)-(3) have earlier been indicated by RAN4 in LS to RAN2 to have some drawbacks or isses. Nevertheless, a number of contributions [25],[28]
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[29] in RAN4#69 reopened the discussion on option 1, despite that RAN4 earlier indicated [21] “RAN4 has had extensive discussions on limitations of options 1-3 for measurements for offloading purposes. The first option is not efficient due to scheduling opportunity loss during unused measurement gaps in the scenario that only offload frequency layer was configured for inter-frequency measurement. The second option is not feasible since UE is not always in DRX and also due to difficulty in defining consistent performance requirements. The third option is also not feasible if UE cannot reuse its settings (eg gain setting) from the previous gap as they become outdated due to very long reoccurrence of gaps.”
As the discussion on efficiency of unused measurement gaps may depend on offloading strategy, we discuss this aspect first. While offload strategy depends on eNB implementation, we see that in small cell inter-frequency deployments, a likely strategy is largely opportunistically driven. By this, we mean that any UE which is within the coverage of a small cell would ideally be offloaded, provided that the small cell node is not congested and the likely SINR for that UE on the small cell node is good (ie the UE is in good coverage). Therefore it is not a prerequisite for the offloading UE that it is highly active, nor is it a prerequisite that the macro serving cell from which the UE is offloaded is heavily congested.  An existing example of this behaviour is when absolute priority reselection is used for interfrequency offloading of idle mode UE. In this case, 

· The candidate UE for offloading are completely inactive in idle mode
· The absolute reselection priorities, especially if they are broadcast, are likely to be semi-static and thus UE are offloaded even from inactive macro cells

This opportunistic offload approach can be seen as freeing the macro network to dedicate capacity towards any UE which is not within the coverage of a small cell. For connected state, a corollary would be that if there are only a small number of very active macro UEs they should still be offloaded whenever possible since the macro resources are then freed for other UE, and additionally, macro intercell interference is reduced. The later point that offloading is a simple technique to mitigate intercell interference is very important in our view.
Based on these considertions we think that

· Gaps may need to be configured much more often for small cell discovery than for coverage based handovers, where the RRC configuration of the gaps only needs to be made when UEs reach the edge of coverage. The need for gap configuration depends on the accuracy of proximity estimation and also on the density of the small cell deployment but nevertheless it can be envisaged that small cell discovery is more of a continuous background search activity, at least for some UE. This means that in general, power efficient means of small cell discovery is highly desirable.
· For 6ms gap every 40ms, there are only 6 non overlapping gap patterns, even for a simplistic analysis which does not consider HARQ impacts. Hence, depending on UE traffic patterns, the possibility for opportunistically scheduling another UE when one UE is making use of a measurement gap may be limited, even when the number of active UE is moderately large.

· It should not be assumed that the macro eNB is only wanting to offload highly active UE. This means that power efficient small cell discovery with DRX is highly desirable.
· It should not be assumed that offload is only desirable when there are many active UEs on the macro cell. This means that for some offload scenarios, the efficiency loss in missed scheduling opportinites for one UE cannot be mitigated by scheduling another UE at that time. 
· As the measurement gaps affect both uplink and downlink, the throughput impact of a gap extends well beyond the gap itself due to HARQ feedback issues.
The last point especially should be emphasised. Considering downlink, if the UE is scheduled in the subframes before the measurement gap, there will be no possibility for the UE to transmit HARQ NACK. Similarly, considering the uplink the UE will not be able to successfully receive a HARQ ACK even if a PUSCH transmission just before the gap has been successful. Another aspect is that the UE cannot transmit scheduling requests nor receive uplink grants during the gaps so uplink opportunities may also be lost after the gap is complete.  
Observation 1 : Due to L1 sigalling timing and the fact that gaps affect both uplink and downlink, scheduling opportunities may be lost before and after the gap.
Proposal 1  : Relaxed performance requirements are defined in release 12 such that UE power efficient small cell discovery can be performed

Proposal 2 : The earlier RAN4 conclusion that “unused measurement gaps are not efficient due to scheduling opportunity loss during unused measurement gaps in the scenario that only offload frequency layer was configured for inter-frequency measurement” is confirmed.
3 Burst gap pattern

As all of the options described by RAN2 in [1] are considered to have disadvantages for pure offloading measurements with relaxed performance [21], we provide further consideration on an appropriate pattern, which has more burst-like characteristics.
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Figure 1 : Burst gap pattern

In this pattern, bursts of gaps occur every Tburst. Within each burst, Ngap gaps occur, and each gap has duration Tgap and the spacing between gaps is MGRP. 
The intention of the gap pattern is to enable the UE to perform background searches for offload cells every Tburst. Since MGRP may be selected independently (eg 40ms may be used), the pattern allows UE to reuse RF settings such as gain setting between the gaps within a burst in a similar way to that which may be done in release  8 gap patterns. This avoids the issue described in [21] for option 3, where the UE would need to reacquire suitable RF settings at the beginning of every gap. The other advantage of this approach is that can allow the UE to perform multiple PSS/SSS detection attempts relatively closely spaced in time. This means that if fast fading causes the first attempt at PSS/SSS detection to fail, even though the UE is in good coverage of a suitable offload cell, there is a possibility to detect the PSS and SSS of the cell in subsequent gaps, for example 40ms later. Therefore it is expected that especially in fading conditions the burst pattern could offer benefits compared to a continuous pattern with long periodicity.

To determine appropriate parameters, some considerations are

Tburst : Effectively, this should determine the typical delay when the UE enters coverage of an offload cell, before it is detected and starts to be monitored by the UE. As such, the appropriate parameter setting may be more for RAN2 to consider. A long Tburst would lead to additional offloading delay, and correspondingly offload opportunities may be lost in the network. On the other hand, a short Tburst leads to limited possibility to relax the UE performance and save power. Since the LTE system frame number has 10.24s periodicity, it implies that the longest Tburst is also 10.24s.
Tgap : Since existing gap patterns are designed to ensure that the UE can receive both PSS and SSS during a single gap occurrence, it is proposed that in the burst gap pattern similar principles are applied and Tgap = 6ms.

MGRP : To maximise reuse of existing measurement implementations, it would seem desirable to use the existing MGRP configurations, ie 40ms and 80ms.

Ngap : We believe that further evaluation in RAN4 would be beneficial to study further the number of gaps per burst. Some initial consideration is that it would seem desirable to be able to detect a cell and also make RSRP/RSRQ measurements within one burst, at least in good SNR, eg Es/Iot>-3dB. For example, to allow for 2 PSS/SSS detection attempts and 5 measurement sampling opportunities for detected cells would give Ngap ≈ 7 gaps. 

For the further work on the relaxed performance requirement, detailed study may be performed to conclude on the appropriate parameterisation of burst gaps to give the needed performance for offload measurements while also ensuring good U E power consumption. In this contribution, we have given a high level overview of the likely effects of changing different parameters, and we make the following proposal
Proposal 3: Burst gap patterns are considered for the relaxation of inter-frequency UE measurement requirements in hetnet offload scenarios.
In summary, the following advantages from burst gap patterns can be expected
· Gaps within a burst are closely spaced, such that RF settings like gain settings may be reused between gaps.

· Scheduling opportunities are not lost when the UE is not making measurements
· The additional signalling overhead depends on the flexibility of the burst gap pattern, but is small as the pattern is statically configured by RRC signalling.

In short, if relaxed measurement performance is configured in a UE by an eNB, and the underlying assumption is that some gaps will be unused, then we do not see any major disadvantage to also making the eNB scheduler aware of which gaps are unused.
4 Conclusions 
In this contribution, we further discuss measurement gap patterns for relaxed performance requirements. We think a likely offloading strategy is opportunistically driven, ie if a certain UE is found to be in good coverage of an interfrequency small cell and the interfrequency small cell is not heavily loaded then that UE would be offloaded regardless of the amount of traffic that UE is currently generating, or the load condition in the macro cell. This offload stategy is already seen as one of the design principle of release 8 absolute priority reselection for idle UEs to higher priority layers. Therefore we think that in future, interfrequency small cell search will often be configured, and no assumption should be made on the activity of the UE, or the number of UE served by the macro cell. 
We make the following observations and proposals.
Observation 1 : Due to L1 sigalling timing and the fact that gaps affect both uplink and downlink, scheduling opportunities may be lost before and after the gap.
Proposal 1  : Relaxed performance requirements are defined in release 12 such that UE power efficient small cell discovery can be performed

Proposal 2 : The earlier RAN4 conclusion that “unused measurement gaps are not efficient due to scheduling opportunity loss during unused measurement gaps in the scenario that only offload frequency layer was configured for inter-frequency measurement” is confirmed.
Proposal 3: Burst gap patterns are considered for the relaxation of inter-frequency UE measurement requirements in hetnet offload scenarios.
In summary, the following advantages from burst gap patterns can be expected

· Gaps within a burst are closely spaced, such that RF settings like gain settings may be reused between gaps.

· Scheduling opportunities are not lost when the UE is not making measurements

· The additional signalling overhead depends on the flexibility of the burst gap pattern, but is small as the pattern is statically configured by RRC signalling.

In short, if relaxed measurement performance is configured in a UE by an eNB, and the underlying assumption is that some gaps will be unused, then we do not see any major disadvantage to also making the eNB scheduler aware of which gaps are unused.
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