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Discussion
1. Introduction
In  [1], RAN 2 sent RAN4 an LS on reduced performance for inter-frequency small cell discovery. In this contribution we provide views on the measurement performance for small cell discovery from a RAN4 perspective, and discussion of the questions asked by RAN2. The content of the liaison statement is provided for convenience
	1. Overall Description

RAN2 has been conducting studies for HetNet mobility inter-frequency small cell discovery with reduced UE power consumption impact. Findings of these studies for study item have been captured in the TR 36.839 which documents the observations from the study of small cell discovery. RAN2 has in particular studied the scenario with one macro layer and one layer with small cells. For offloading purposes, UEs can be assigned to detect the inter-frequency small cells using measurement gaps. However,  RAN2 assumes that the UE power consumption will be too high if the UE is continuously configured with inter-frequency measurements according to currently specified requirements. One of the approaches to reduce UE power consumption related to inter-frequency cell detection of cells used for offloading is to relax performance requirements for inter-frequency measurements while still maintaining efficient offloading from macro layer. 

RAN2 considers that any method that is developed should work with a scenario where UE is configured to measure inter-frequency layer(s) (with existing measurement quantities). Some of the layers could be measured using existing REL-11 performance requirements for mobility purposes and some with relaxed performance requirements for offloading purposes. 

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)

RAN2 wants to notify that defining a totally separate measurement gap process and pattern which is configured (separate from existing measurement gaps with MGRP of 40 and 80ms used for coverage purposes) in addition to existing gap pattern was excluded in RAN2#82.

RAN2 recognizes that defining new performance requirements for measurements requires RAN4 work and expertise and we would like to ask the following:

Question 1: Would it be feasible to define new measurement performance requirements for measurements used for offloading purposes (or other purposes where relaxed performance requirements compared to REL-11 requirements are applicable)?

Question 2: Are there significant differences with the RAN2 identified approaches for realizing relaxed performance requirements from RAN4 viewpoint?

Question 3: RAN2 has also considered possibility to relax only cell detection performance requirements (i.e. only cell detection requirement is relaxed and not modify the RSRP/RSRQ measurement requirements). Does RAN4 see this as a feasible approach?

2. Actions:

To RAN WG4:

ACTION: 
RAN2 respectfully asks RAN4 to provide answers to the above stated questions.
3. Date of Next RAN2 Meetings:

3GPPRAN2#83

19 – 23 Aug
Barcelona
Spain

3GPPRAN2#83bis
7 – 11 Oct
Ljublana
Slovenia




2. 
Discussion
We begin by considering types of frequency layers which may be simultaneously configured as measurement objects. There are three possible types of frequency layers which we consider in turn
Interfrequency macro layer
The main issue evnisaged with interfrequency macro layers is whether the existing performance requirements can still be met if the UE is additionally searching for small cells on another frequency layer which could (for example) be dedicated for small cells. Our assumption is that interfrequency macro mobility should as much as possible be unaffected by the search for small cells. On the other hand, as indicated in the liason statement, RAN2 has excluded defining a totally separate measurement gap process and pattern which is configured (separate from existing measurement gaps with MGRP of 40 and 80ms used for coverage purposes) in addition to existing gap pattern. Thus, if small cell discovery is configured to be performed at the same time as interfrequency macro layer measurements, there is some additional activity to perform in the ongoing measurement gap pattern, and some impact to interfrequency mobility seems unavoidable.

Small cell layer
This would be the main focus of additional work in RAN4, and the main reason for new measurement gap patterns with relaxed performance requirements. If the UE is connected to a macro cell, and is attempting to discover small cells then it may be better to search on the small cell layer only infrequently, rather than performing a continuous search.  This is similar to existing release 8 higher priority searches in idle mode, which are specified to be performed every 60s*Nlayers. While the exact periodicity would need further discussion, the basic concept would be that every so often the UE performs discovery on the indicated small cell frequency either autonomously, or according to some configured gap pattern.
Considering the desirablecharacteristics of the discovery pattern, it seems important that the UE is able to make multiple hetnet small cell discovery attempts which are relatively closely spaced (accounting the coherence time of typical fading channels). If nothing is found during these attempts then some time can elapse before the next discovery attempt. Figure 1 shows the basic concept of such a discovery pattern (either UE autonomous or network controlled)

[image: image1.emf]Tsearch

MGRP

Tgap

Ngaprepetitions


Figure 1 : Possible small cell discovery pattern

Figure 1 also introduces some notation for the small cell discovery pattern, which could be beneficial for future discussion.
Tsearch : The time between one small cell discovery attempt, and the next attempt. For example, 60s would be analogous to release 8 higher priority search attempts in idle mode.

MGRP : The time between individual gaps when a search is active. This is similar to the MGRP in existing gap patterns and the notation is reused.

Tgap : The duration of an individual gap, for example 6ms in existing patterns
Ngap : The number of repetitions of a gap pattern before an individual pattern is suspended.

It is probably premature for RAN4 to consider any values for these parameters, although it could be noted that chosing MGRP aand Tgap using legacy values may simplify the specification work. Nevertheless, for now we would like to focus mainly on the framework for which a UE may perform intermittent searching on a small cell layer.

One the UE detects and reports a small cell, the serving eNB may either immediately command an offload handover, or it may configure a continuous gap pattern, or if the handover criteria has not been met it may simply await the next UE report (eg Tsearch seconds later)

Mixed macro and cell layer
One issue that we would like to highlight for a frequency layer with mixed cell types is that the UE does not know in advance of performing cell detection which type of cell it will detect. Therefore, in principle either type of cell may be detected and reported, regardless of the measurement gap pattern. If a coverage handover is needed, then a legacy measurement gap pattern can be configured to ensure faster reporting of any detected cells and otherwise for offload handovers, the small cell discovery mechanism may be used. However, in either case there seems no need to exclude the reporting of any cell meeting the reporting criteria, also noting that there are existing mechanisms such as blacklisting which can control which cells are reported.
We now turn our discussion to the specific questions asked by RAN2:
Question 1: Would it be feasible to define new measurement performance requirements for measurements used for offloading purposes (or other purposes where relaxed performance requirements compared to REL-11 requirements are applicable)?

New measurement performance requirements are in principle feasible and indeed the main area of  specification complexity may not be the new measurement performance itself, but rather the impact on existing interfrequency measurements. For example, if the UE is configured with 2 interfrequency measurement objects/carrier frequencies, one of which is a legacy type of measurement and one of which is a small cell measurement, then there needs to be consideration of the impact to the legacy measurement. The conventional RAN4 approach of scaling the performance by a factor of two is no longer valid, since more time is likely to be spent on the legacy measurements, and less time is likely to be spent on the hetnet layer measurements.

Naturally, it would be hightly desirable not to impact legacy measurement performance by the measurement of additional hetnet layers. However, in view of RAN2 decision not to have parallel gap patterns, this is only achievable if no gaps are taken away from the legacy measurements (assuming both legacy measurements and hetnet measurements can be configured at the same time).
Question 2: Are there significant differences with the RAN2 identified approaches for realizing relaxed performance requirements from RAN4 viewpoint?

There are certain differences in the specification work involved for the approaches identified by RAN2. Considering the 3 approaches
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) 

For this approach, one use case which should be considered carefully is the one where the UE is only performing small cell discovery. In this case, the measurement gap density may be much more than is needed for offloading handover to the hetnet small cell layer. Potentially the eNB can mitigate this by using RRC signalling to configure/deconfigure the gap pattern to create a pattern similar to that in figure 1 to perform periodic searches for small cells, although this implies an additional signalling overhead.
When multiple frequency layers are configured (some are indicated as hetnet small cell layers, and some are indicated as legacy layers) the UE needs to determine by itself how to share the gap pattern between the layers. Since more relaxed performance is expected for the small cell/hetnet layer, fewer gaps overall would be spent on the hetnet discovery. Nevertheless, there is an impact to the performance of the non hetnet/small cell layers since some gaps are used for hetnet/small cell discovery.

The main tasks for RAN4 in this case would be to determine both the expected performance for the hetnet/small cell layer, and as a consequence consider how many gaps are lost for non-hetnet/small cell layer cell detection/ measurement  (if simultaneously configured) and the impact on its performance.

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.
Autonomously initiated gaps could be considered for the additional measurements. However, due to RAN2 preference that autonomous gaps only occur in DRX, there are a few consequences from the UE perspective;

· The detection of small cell layers will depend quite heavily on data activity. In the worst case, a UE which becomes active will not have any DRX ongoing, even though DRX has been configured. Such a UE cannot be offloaded while it is active

· Making additional measurements in DRX has a clear power consumption impact, especially for an  inactive UE.
3. Defining an additional measurement gap repetition period (in addition to existing 40 and 80ms MGRP)

As previously indicated,if defining a new gap pattern it may be preferable to define a gap pattern such as the one in figure 1 rather than simply using a new repetition period. The reason is that the relatively frequent cell searches possible using 40 or 80ms MGRP are useful to mitigate the effects of fast fading. On the other hand, if multiple cell searches separated by a reasonable interval related to likely coherence time of the channel do not detect any small cell then most likely the UE is not in coverage of a small cell and there is nothing to be discovered. Having said this, simply using longer MGRP may also be an option, although it is not likely to be an optimal pattern for efficient small cell discovery.
Considering the merits of the 3 candidate approaches together, although all are technically feasible, our preference would be to use approach 1 when multiple layers are simultaneously configured (some small cell/hetnet layer + some legacy interfrequency layer), and approach 3 (possibly modified to use a gap pattern such as figure 1) when only small cell/hetnet layers are configured.
Question 3: RAN2 has also considered possibility to relax only cell detection performance requirements (i.e. only cell detection requirement is relaxed and not modify the RSRP/RSRQ measurement requirements). Does RAN4 see this as a feasible approach?

Traditionally, RAN4 has considered initial RSRP/Q measurement as part of the cell detection process, ie cell detection includes all time needed for the UE to be ready to report RSRP/Q of a cell. For this approach to be meaningful, RAN2 seems to imply that there would be a mechanism for reporting the detected PCI of a cell, without also reporting the corresponding RSRP/Q. Otherwise, it does not seem to make sense to set requirements on basic cell detection without measurement, since there is no external visibility to when the basic cell detection has been completed. From UE perspective, it may be technically feasible to indicate to the eNB the PCI of a detected cell without corresponding measurements, but on the other hand, the eNB is unlikely to be able to use this information directly to trigger an offload handover, due to a high risk of failure. So it is not completely clear that cell detection and measurement performance requirements can be beneficially separated in this way. If a less dense gap pattern is used for the measurement object (eg as indicated by approach 3 in the RAN2 LS) then there would be clear implications for both basic cell detection and measurements of detected cells.
3. Conclusions

In  [1], RAN 2 sent RAN4 an LS on reduced performance for inter-frequency small cell discovery. In this contribution we provide views on the measurement performance for small cell discovery from a RAN4 perspective, and discussion of the questions asked by RAN2. It is expected that a response to RAN2 could be provided based on the discussion along with input from other companies.
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