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1 Introduction
In RAN4#74bis and #75 meetings, SI objectives are further clarified and prioritized and many good proposals have been proposed and widely discussed. In RAN4#75, good progress has been made with the corresponding WF agreed in [1].  TR skeleton was approved in [2]. Study item objective in clause 4.1 is approved in [3].In this contribution TP on measurement gap enhancement proposals is proposed for TR 36.894.
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5
Design options and feasibility and on new measurement gap configurations with single Rx chain
5.1
General
The measurement gap configuration enhancements with single Rx chain mainly target on increasing UE scheduling opportunity and/or reduce UE power consumption. In addition, the enhancement of inter-frequency/inter-RAT identification and measurement efficiency for both IncMon and non-IncMon UE should be also studied. 
5.2
Scenarios

This clause presents the considered scenarios. From network synchronization perspective, both synchronous and asynchronous operations are considered. In synchronous operation, the maximum reception timing difference between inter-/intra-frequency carriers frame boundaries is up to 33µs. In asynchronous operation, the maximum reception timing difference between inter-/intra-frequency carriers frame boundaries is up to 5ms.In addition to the general operating scenarios, the following specific scenarios are also considered. It is noted that the application of eventual measurement gap enhancements does not have to be limited to the listed scenarios. 

Background search gap pattern

In HetNet enhancement WI, RAN4 also discussed the option of introducing so-called “background search” for small cells. With such mechanism, the UE would search certain carriers in a more infrequent manner than what is otherwise required by the performance requirements. A background search pattern would allow search for cell on certain carriers with more relaxed requirements and could for example be used for searching for small cells deployed on another carrier serving carrier. A gap pattern designed for background search should be investigated.

Gap pattern for small cell enhancements on/off

The work on small cell enhancements in Rel-12 resulted in DRS measurements being agreed for the purpose of facilitating faster cell on/off e.g. for network power saving purposes. The basic design includes defining DRS which is repeated with different periodicities in the range of 40ms, 80ms and 160ms (DMTC). In case UE is only configured with SCE with on/off DRS periodicity of 160ms periodicity current GPs leaves unused measurement gaps (no other inter-frequency/RAT measurement is configured). For the case when UE is only configured with SCE on/off inter-frequency carrier with DMTC of 160ms a new gap pattern should be investigated.
5.3 
New gap pattern configurations
This clause presents the new gap pattern and configurations proposals provided by various interested companies

New gap pattern 1 [12, Intel]: Measurement gap with reduced MGL and shifted offset

This gap pattern can be used in both synchronous and asynchronous operations. 

The enhanced measurement gap configuration can be illustrated in Figure 1-3, with different MGL (e.g. 4ms, 3ms and 2ms) assumed. 
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Figure 1: Illustration of proposed measurement gap configuration with MGL=4ms
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Figure 2: Illustration of proposed measurement gap configuration with MGL=3ms
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Figure 3: Illustration of proposed measurement gap configuration with MGL=2ms

Depending on MGL, the offset of measurement gap is shifted from the previous one. In other words, the distance between adjacent measurement gap boundaries is not exact MGRP. By doing so, PSS/SSS detection can be guaranteed within PSS/SSS searching window as shown in Figure 1-3 and Table 1

Table 1: Comparison of proposed schemes with different MGL

	MGL (ms)
	PSS/SSS searching window
	Measurement gap overhead (MGL/MGRP)

	6
	6ms
	15%

	4
	MGRP+6ms
	10%

	3
	2*MGRP+6ms
	7.5%

	2
	4*MGRP+6ms
	5%


Compared to the legacy measurement gap configurations, the proposed one can reuse the MGRP to ease the AGC concern. Due to reduced MGL, the PSS/SSS searching window is increases. This potentially increases the inter-frequency identification delay for background searchs for offloading cells. However, once that frequency layer is identified, the corresponding measurement delay should be comparable to the legacy system. This is because the measurement delay and accuracy can be maintained even with shorter MGL (e.g. as short as 1 subframe). This feature is especially important when the measured frequencies are mixed of coverage and offloading layers.

More importantly, the proposed measurement gap configuration can save DL resources used for inter-frequency measurement by up to 70%, when MGL is reduced from 6ms to 2ms. The corresponding power saving and/or UE scheduling opportunity improvement are significant.

New gap pattern 2 [15, Ericsson]: Burst gap pattern
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Figure 4 : Burst gap pattern
This gap pattern can be used in both synchronous and asynchronous operations. 

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

New gap pattern 3 [18, ALU]: Reduced MGL for synchronous operation only

This gap pattern can be used in synchronous operation only. 

For time synchronized LTE networks, such as TDD and synchronized FDD systems, the timing of the cells is synchronized to a micro-seconds level. When a UE is in a connected state, in which the measurement gap is used, UE timing is synchronized to the network time. In addition, the subframes and even OFDM symbols in which the PSS/SSS are transmitted are fixed. Therefore, for a synchronized LTE network, the both UE and eNB have the knowledge on exact time when PSS/SSS of neighboring inter-frequency cells are sent. Under these conditions, the network should be able to configure the UE with a much shorter measurement gap (or search window) for the UE to search for the PSS/SSS signals are sent from the inter-frequency cells. 

For FDD system, the PSS/SSS are included in last two OFDM symbols of the first slot of subframes #0 and #5. The location of PSS is always in the last OFDM symbol of the 1st and 11th slots of each radio frame, enabling the UE to acquire the slot boundary timing independently of CP length. The SSS is located in the symbol immediately preceding the PSS, enabling coherent detection of the SSS relative to the PSS. Thus, if the UE can complete search preparation (including RF tuning) less than 0.5ms or within first 5 OFDM symbols (normal CP) or first 4 OFDM symbols (extended CP)  in the PSS/SSS subframe, a search window or measurement gap as short as 1ms may be feasible (Figure 1). 
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Figure 5: Illustration of FDD PSS/SSS Subframe with 1ms measurement gap

For TDD system, the PSS is included in the 2nd OFDM symbols of the 2nd slot of subframes #0 and #5, and SSS is included in the last symbol of the 1st slot of subframes #0 and #5. Again, the measurement gap can be configured as short as 1ms, if the UE can complete cell detection preparation (including RF tuning) within the time interval from the start of the PSS/SSS subframe to the start of the SSS symbols in the PSS/SSS subframe. For TDD, there is one more OFDM symbol time for the UE to complete cell detection preparation than FDD.
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Figure 6: Illustration of TDD PSS/SSS Subframe with 1ms measurement gap

It is worthy to point out that 0.5ms was assumed for the preparation of cell detection (including RF tuning) when defining the legacy measurement gap. So, it is possible for some UEs being not be able to complete the search preparation before the start of the SSS OFDM symbol for supporting 1ms measurement gap. In this case, 2ms measurement gap may be needed. Still, 2ms measurement gap is also much shorter than the current 6ms measurement gap.

A method to reduce Gap impact on UL scheduling[22, Nokia Networks] 

As can be understood from the current gap definitions the impact on the UE UL scheduling is in fact 10 TTIs. Reason for this is that the network cannot schedule the in UL in the 4 TTIs immediately following each measurement gap, due to PDCCH falling within the gap where the UE is not receiving the PDCCH. With the gap patterns this means that when the UE is configured with either GP0 or GP1 the loss of UL scheduling opportunities will be 10 TTIs which means that the impact on UL scheduling is either 12.5% or 25% depending of used GP.
One way to reduce the UL scheduling impact is to enable usage of the UL allocations received in the last 4 TTIs prior to the gap in the 4 TTIs immediately following the measurement gap. This is illustrated in 7.
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Figure 7: PDCCH UL allocations prior to MG are valid for TTIs after the MG.
Enabling usage of 4 additional UL TTIs for each measurement gap has the opportunity to decrease the effective UL scheduling impact with up to 40% per gap. In addition it increases the overall UL scheduling opportunities with 10% for GP0 and 5% for GP1.

Besides the gain in enabling more UL scheduling opportunities for UEs assigned with gaps there might also be a positive effect on the UE power savings. Reason being that the UL scheduling can be done in a denser manner potentially reducing the overall on time for the UE. Additionally – even though the UE cannot have UL scheduling allocations for the 4 TTIs after the gap, the UE will anyway have to monitor the PDCCH for possible allocations.

In principle this approach can be used together with any type of measurement gap pattern. I.e. as explained it work with existing gap patterns but it would likely also be possible to apply to new GPs potentially defined by RAN4.

5.3.1 
Simulation assumptions

<Text will be added.>
5.3.2 
Performance characterization
<Text will be added.>
5.3.3 
New gap pattern configuration options
<Text will be added.>
6
Design options and feasibility and on new measurement gap configurations with multiple Rx chains
6.1
General
Separated Rx chains are assumed in the reference architecture of CA (e.g. inter-band and intra-band NC). From inter-band/inter-RAT measurement perspective, CA reference architecture potentially provides UE more flexibility to balance the measurement load among all RX chains. 

6.2
Scenarios
<Text will be added.>
This clause presents the considered scenarios, which include synchronous and asynchronous operations. In synchronous operation, the maximum reception timing difference between inter-/intra-frequency carriers frame boundaries is up to 33µs. In asynchronous operation, the maximum reception timing difference between inter-/intra-frequency carriers frame boundaries is up to 5ms.
6.3 
New gap pattern configurations
Per Rx chain based measurement gap configuration [13, Intel]: 

Measurement gap can be independently configured per Rx chain.

· Scenario 1: CA and synchronous DC

In this scenario, the density of measurement gap, or equivalent MGRP, can be different for different CC. The CC with sparse measurement gap can enjoy better UE scheduling opportunities and offload heavier traffic load on that carrier. The CC with high measurement gap density can be used to guarantee the target measurement delay. For the occasions where the measurement gap is configured for one CC but not the other, short gap can be introduced to accommodate the interruption. The length of short gap is FFS. During the short gap, UE is not expected to receive and transmit the data. As an example, Figure 6.1 depicts the case where different MGRP is configured for PCell and SCell. In this case, SCell’s MGRP is much larger than PCell’s. Therefore, the corresponding UE scheduling opportunities and overall throughput performance on SCell can be significantly improved. Meanwhile, since MGRP on PCell remains relatively short, the overall measurement delay should be maintained as similar level as the legacy scheme. Short gaps highlighted in green in Figure 6.1 are introduced. With this, the ambiguity due to interruption can be clarified.   
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Figure 6.1: Illustration of multi-measurement gap configuration in CA and sync DC scenarios

· Scenario 2: asynchronous DC
In asynchronous DC, the major difference from CA is the length of interruption. The length of interruption between PCell and PSCell can be up to 2ms due the subframe boundary misalignment. The exact length of short gap design can depend on the arrival timing misalignment (or subframe boundary misalignment) between MCG and SCG. Figure 6.2 and 6.3 illustrate how short gap should be configured in case MCG and SCG have different MGRP.
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Figure 6.2: Multi-measurement gap configuration for async DC with subframe boundary difference<0.5ms
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Figure 6.3: Figure 3: Multi-measurement gap configuration for async DC with subframe boundary difference>0.5ms
Small gap pattern [20, Qualcomm]:
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Figure 6.4 : 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.

The proposed patterns in terms of DL and UL VIL and ML are listed in Table 1.

Table 1. Small gap pattern

	DL
	UL

	VIL – MIL – VIL
	VIL – MIL – VIL

	1-4-1
	1-4-2


In order for the eNB to be able to configure this gap pattern, information about the UE capabilities is needed. As there are some similarities between this enhanced gap pattern and the gapless measurements in terms of using idle RF chains, we believe that some capability signaling similar to the one used for gapless measurements could be defined.
6.3.1 
Simulation assumptions
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Design options and feasibility on network controlled PCell/SCell interruption
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Conclusions
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