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1 Introduction
[1] provides the way forward and plan for further studies on measurement gap enhancement.
	The following design and performance aspects are to be studied in the measurement gap enhancement SI

· enhance inter-frequency/inter-RAT identification and measurement efficiency for both IncMon and non-IncMon UE

· increase UE scheduling opportunity and/or reduce UE power consumption

· reduce the Ack/Nack missing rate due to PCell/SCell interruption

· exploit the feature of multiple Rx chains equipped in CA capable UE

Other aspects are not precluded
For each design/performance aspects, interested companies are encouraged to provide inputs on the evaluation criteria on the measurement gap enhancement  in RAN4#75


In this contribution we provide our views for the further evaluation of gap enhancement.
2 Discussion

Enhance inter-frequency/inter-RAT identification and measurement efficiency for both IncMon and non-IncMon UE

For this aspect, we think it is necessary to understand the concrete techniques that shall be used to enhance the inter-frequency or inter-RAT identification and measurement efficiency. In release 8, cell search simulations were primarily focussed on intrafrequency scenarios, from which it was determined to set the requirement (including measurement period) at 800ms. In simulations, PSS/SSS search is typically performed every 40ms for intrafrequency requirements, although this is a UE implementation specific aspect. For interfrequency cell search, the gap pattern constrains the opportunities for performing cell detection, and it was decided to specify TBasic_Identify_Inter = 480 ms for interfrequency measurements, at a higher SINR (SCH Ês/Iot ≥-4dB and RSRP Ês/Iot ≥-4dB).

Clearly it may be beneficial to improve measurement efficiency for  gap based measurements, and we note that intrafrequency requirements lead to a requirement of 800ms including measurement period at -6dB SINR (typically met with 40ms searcher activity) whereas interfrequency measurements lead to a requirement of (40/5)*480 =  3840ms at -4dB SINR including measurement period, with the same searcher duty cycle (one search every 40ms) as assumed for intrafrequency, so there may be scope for improvement. On the other hand, automatic gain control (AGC) is likely to be significantly less efficient for gap based search and measurement than for intrafrequency measurements, were a good AGC setting may be assumed due to demodulation of the serving cell.
Proposal 1 : Concrete techniques for enhanced inter-frequency/inter-RAT identification and measurement efficiency for both IncMon and non-IncMon UE may be discussed within the study.

Increase UE scheduling opportunity and/or reduce UE power consumption
For this objective, reduced gap density is assumed, typically for hetnet scenarios where reduced performance could be tolerated. For offloading, there is no hard delay requirement that could be assumed for measurement reporting, but longer delay will lead to less offloading opportunity and efficiency (the connection may even end before a certain UE performs a measurement report for offloading).
As discussed previously[2], automatic gain control settings become more problematic for larger gap periodicity eg MGRP≥160m and our view is that measurement efficiency can be improved by configuring bursts of gaps. Figure 1 shows a generic burst gap pattern:
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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 scenario 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/or 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 give a high level overview of the likely effects of changing different parameters, and we make the following proposal

Proposal 2: 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

Exploit the feature of multiple Rx chains equipped in CA capable UE
CA capable UE are capable of receiving more than one frequency, and hence are more capable than release 8 for inter-frequency measurements, assuming that baseband processing capability is also sufficient to be able to perform more measurement activity. In principle the UE could

· Perform interfrequency/interRAT measurement in parallel to PCell reception, using either an SCell gap or SCell DRX off period, or when an SCell is deactivated, using the SCell RF to perform the interfrequency/interRAT measurement

· Perform interfrequency/interRAT measurement in parallel to PCell reception, using either a PCell gap or PCell DRX off period, using the PCell RF to perform the interfrequency/interRAT measurement

·  Perform interfrequency/interRAT measurement of two measurement objects in parallel during either a joint PCell/SCell measurement gap, or a joint PCell/SCell DRX off period.

For carrier aggregation, there are per UE measurement gaps, and per UE DRX. For dual connectivity, different DRX cycle and state may apply even for active carriers. To simplify the discussion and potential signalling changes for initial studies, we propose to focus on the final option, ie “Perform interfrequency/interRAT measurement of two measurement objects in parallel during either a joint PCell/SCell measurement gap, or a joint PCell/SCell DRX off period.”. Some reasons for proposing this simplification are
1. If only one RF chain in the UE is free (ie per component measurement gap or DRX off period) then how does the network know what the RF capabilities of the free RF chain are, ie whether it is valid to configure measurements of a certain target band using that gap pattern?

2. The 0.5ms (assumed) implementation margin will allow for reconfiguration of both RF chains without need to consider interruptions or glitches. While a per component carrier measurement gap seems attractive from a scheduling opportunity perspective, it could be expected that at least 2 downlink subframes are lost on the other component carrier (the one not officially having a gap) so in practice, per component carrier gaps may be less attractive than they first appear.

It should be kept in mind that there are only 3 further meetings to complete the studies.
If this approach is adopted, then the specification impact is mostly to Nfreq scaling factors in RAN4. Assuming that the UE uses Nrf RF chains in parallel to make interfrequency/interRAT meaurements,  the scaling factor becomes Nfreq’=ceil(Nfreq/ Nrf) and similar adjustments could be made to effective number of normal, or number of reduced carriers for increased UE carrier monitoring.
For interfrequency/interband measurements using this approach, the UE already knows the UE capabilities for demodulation and should not rely on this approach to work when the band combination for measurements falls outside the CA capabilities of the UE, ie it cannot be assumed that a UE can make simultaneous measurements of arbitrary combinations of bands.

Proposal 3 : For improved interfrequency measurement performance for UE with multiple RF chanins, per UE configuration of measurement gaps is assumed with improved Nfreq scaling factor due to the multiple RF chains assumed.

Proposal 4 : It is assumed that a UE is able to measure multiple carriers in each measurement gap, provided that the resulting carrier combination is a valid CA band combination, which the UE in question supports.

Reduce the Ack/Nack missing rate due to PCell/SCell interruption
As discussed in [3], our view is that it should be considered an option to use legacy 6ms measurement gaps to avoid interruptions. This is important so that, for example, interfrequency and interRAT measurements can be performed in parallel to avoiding PCell/Scell interruption.
Proposal 5 : In addition to any small gap pattern, it is also an option under eNB control to configure 6ms gaps to avoid interruption

Based on this proposal, we discuss legacy gap pattern and small gap pattern solutions separately.

Legacy gap pattern based solution

One question which has arisen in the past is how simultaneous interfrequency/interRAT measurement may be performed with deactivated SCell measurement. One alternative is shown in figure 2; 6ms measurement gaps occur on PCell and deactivated SCell, and may be used as per legacy to make interfrequency and interRAT measurements. At the end of the some measurements gap the UE is reconfigured so that RF for both PCell and SCell are active (even though SCell is deactivated from a MAC perspective) so that the UE can make deactivated Scell measurements until the next gap without interruption. While this may appear to be quite a long period from power consumption perspective (34ms or 74ms depending on legacy gap MGRP) it should be emphasised that the UE can make multiple samples from the deavtivated SCC durning this interval, so the SCell RF should not need to be enabled very often. For instance, with a deactivated SCell measurement period of 160ms the measurement period is 800ms, and 34ms/800ms (assuming that SCC cells can be measured 5 times during one 34ms active period) represents an SCell RF duty cycle of only 4.25%, with longer measurement cycles resulting in even lower duty cycles. 
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Figure 2 : Use of legacy gap pattern for RF retuning

When no interfrequency/interRAT measurements are configured, the UE may either measure the deactivated SCell during the gap itself (similar to interfrequency measurements) or follow a similar approach to figure 2 except that no interfrequency/interRAT measurement needs to be made in the gap. This is a UE implementation choice.

Next we turn our attention to the small gap configurations. Following the naming conventions used previously in RAN4, as shown in figure 3, we discuss appropriate values for the various parameters
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Figure 3 : Generic small measurement gap

ML : This should be sufficiently long to ensure that one adjacent PSS and SSS instance occurs during every measurement opportunity for arbitrary timing of neighbour cell. In this respect, 5ms is slightly too short and in principle the gap length should be 5ms+2 OFDM symbol = 5.13ms approx. Since it is expected that ML should be an integer number of subframes, RAN4 could discuss whether to use 5 or 6 subframe ML; since there is no interruption during ML our preference would be to extend ML slightly to get better measurement performance. This comes at a cost of very slightly increased UE power consumption, eg 6/160ms is 3.75% whereas 5/160ms is 3.125%, however it seems reasonable to design the gap pattern for improved cell detection performance

VIL: Considering asynchronous dual connectivity scenarios, 2ms VIL may be necessary to account for arbitrary time difference between PCell and PScell. However, 1ms VIL could be used for CA. For intraband CA, 5ms interruption is currently specified, however this would result in a worse solution than legacy 6ms measurement gap. RAN4 needs to clarify this aspect, but 2x5ms VIL seems to be infeasible for further work

VIRP : Our preference is not to define too many different VIRP settings, ie gaps should be somewhat generic and independent of the configured deactivated SCell measurement cycle. Two values could be considered, eg 128ms and 160ms since other deactivated SCell measurement cycles are multiples of these values. While this approach would lead to some unused small measurement gaps for longer deactivated Scell measurement cycles, the advantage is that fewer combinations need to be implemented and IOT tested.  Indeed, considering that 128ms and 160ms are fairly close, it may be sufficient to use 128ms VIRP for all deactivated SCell measurements.
Proposal 6 : 6ms is used for ML in small gap

Proposal 7 : 1 ms is used for VIL in synchronous scenarios, 2ms for asynchronous scenarios in small gap

Proposal 8 : 128ms VIRP, or 128ms and 160ms VIRP are used with small gap
3 Conclusions

In this contribution we provide our views for the further evaluation of gap enhancement according to the way forward in [1]. For each of the planned areas of work we make the following proposals:
Enhance inter-frequency/inter-RAT identification and measurement efficiency for both IncMon and non-IncMon UE

Proposal 1 : Concrete techniques for enhanced inter-frequency/inter-RAT identification and measurement efficiency for both IncMon and non-IncMon UE may be discussed within the study.

Increase UE scheduling opportunity and/or reduce UE power consumption

Proposal 2: Burst gap patterns are considered for the relaxation of inter-frequency UE measurement requirements in hetnet offload scenarios.

Exploit the feature of multiple Rx chains equipped in CA capable UE

Proposal 3 : For improved interfrequency measurement performance for UE with multiple RF chanins, per UE configuration of measurement gaps is assumed with improved Nfreq scaling factor due to the multiple RF chains assumed.

Proposal 4 : It is assumed that a UE is able to measure multiple carriers in each measurement gap, provided that the resulting carrier combination is a valid CA band combination, which the UE in question supports.

Reduce the Ack/Nack missing rate due to PCell/SCell interruption

Proposal 5 : In addition to any small gap pattern, it is also an option under eNB control to configure 6ms gaps to avoid interruption

Proposal 6 : 6ms is used for ML in small gap

Proposal 7 : 1 ms is used for VIL in synchronous scenarios, 2ms for asynchronous scenarios in small gap

Proposal 8 : 128ms VIRP, or 128ms and 160ms VIRP are used with small gap
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