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1 Introduction
RAN1 has been progressing work on design of on/off procedures for small cells. The work item seeks to enable switching an eNBs state from on to off (and vice versa) to conserve energy and reduce interference. During RAN2#85bis RAN2 briefly discussed the status of this work item. 

At the time of the RAN2 discussion, open issues regarding the design of the Discovery Reference Signal (DRS) made progress on the RAN2 issues difficult. Since then there has been significant progress in RAN1. In this contribution we review the RAN1 agreements and discuss issues related to RRM measurements of cells capable of on/off. In particular, we focus on the question of whether measurement gaps are needed to perform DRS based measurements, and their configuration.
Note: This document has also been submitted to RAN2#86 (A.I. 7.2)

2 Discussion

The following is a listing of relevant RAN1 agreements on the topic of Discovery Reference Signal from RAN1#76bis:

1. RAN1 will down-select from the following alternatives for DRS:

a. Alt. 1: DRS is configured to be one of PSS/SSS/CSI-RS/CRS or PSS/SSS/CRS 
b. Alt. 3a: DRS is PSS/SSS/CRS
c. Alt. 3b: DRS is PSS/SSS/CSI-RS
d. Alt. 5: DRS is configured to be one of PSS/SSS/CSI-RS/CRS or PSS/SSS/CSI-RS 

2. UE can be configured with at least one DRS measurement timing configuration per frequency:
a. UE can expect DRS in DRS measurement timing configuration
b. DRS measurement timing configuration indicates when UE may perform cell detection and RRM measurement based on DRS
c. UE can detect multiple cells based on a DRS measurement timing configuration on the frequency
In addition to the above agreements, RAN1 has the following working assumptions:

1. UE can be configured with one measurement gap for DRS-based measurement when needed 
2. Measurement gap can be used for making legacy measurement and DRS-based measurement based on configuration 
RAN2 has the responsibility to design procedures related to RRM measurements. This document seeks to identify key issues which should be resolved in RAN1 to help progress the discussion in RAN2. We use the above agreements as a starting point for discussing DRS based measurements. An immediate observation from the above agreements is that DRS measurements have much in common with legacy RRM measurements (if  DRS includes CSI-RS, the measurements performed at the physical layer may need some modification; otherwise the physical layer measurements will be largely the same). Consequently, we think much of the legacy framework for RRM measurements can be reused.
This contribution assumes a DRS periodicity that is much longer than the PSS/SSS periodicity. If DRS periodicity is similar to PSS/SSS periodicity, we see no need to discuss any modifications to measurement gaps. Specifically, if the DRS periodicity is ~5 ms then:
· for intra-frequency DRS measurements, the UE can perform such measurements without gaps (similar to legacy intra-frequency measurements), and

· for inter-frequency DRS measurements, the UE can use legacy measurement gaps configured for inter-frequency and inter-RAT measurements.

For the purpose of discussion below, we assume that the DRS periodicity is much larger on the order of 150 – 200 ms. Then, there are two issues to consider:
1. Legacy measurement gaps have a periodicity of 40 or 80 ms. The DRS periodicity may not be a multiple of this periodicity. However, one could restrict the DRS periodicity to be a multiple of 40 ms (e.g., 160 ms or 200 ms), to ensure that one in n measurement gaps overlaps with a DRS transmission, thus enabling DRS measurement using the legacy measurement gap.
2. eNBs normally configure measurement gaps for UEs in the cell so as to minimize the overlap of measurement gaps of different UEs. This is to ensure that not all (or too many) UEs in the cell become unavailable during the exact same periods. By offsetting the measurement gaps with respect to one another, the eNB can schedule other UEs when one UE is performing measurements. This makes it difficult to use existing measurement gap patterns to perform DRS measurements, as shown in the figure below.
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We see the following options to address the 2nd issue described above. The implicit assumption is that DRS transmissions are aligned by the network across cells such that a single DRS measurement gap pattern allows a UE to perform DRS measurements of all DRS transmitting cells that the UE is expected to measure:
· Option 1: A separate measurement gap is configured for performing DRS measurements, as needed, in addition to any legacy measurement gaps that are configured. The UE performs DRS measurements in the configured DRS measurement gaps. 
· Option 2: UE is configured with either a legacy measurement gap pattern or a DRS measurement gap pattern at any given time. If expected to measure DRS, the UE is configured with (only) a DRS measurement gap pattern. If configured with a DRS measurement gap, the UE performs both DRS measurements and legacy measurements using the DRS measurement gaps. 

· Option 3: The UE is configured with a legacy measurement gap and a DRS measurement gap. However, to avoid excessive gap periods, the UE skips some legacy measurement gaps. Specifically, if there is a DRS gap within a legacy measurement gap cycle, the UE skips the legacy measurement gap following the DRS gap (or the legacy measurement gap closest in time to the DRS gap) and uses the DRS measurement gap to perform both legacy measurements and DRS measurements. Otherwise, the UE uses the legacy measurement gaps (only for legacy measurements). This is shown in the figure below.
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Option 1 has the advantage of simplicity. The disadvantage of option 1 is that the UE is unavailable for scheduling by the serving cell for significantly more time. To illustrate: with a legacy measurement gap periodicity of 80 ms, a DRS measurement gap periodicity of 160 ms and a measurement gap duration of 6 ms, the UE is unavailable for 11.25%. This compares to an unavailability of 7.5% if only legacy measurement gaps are configured (i.e., a 50% increase in unavailability if both measurement gap patterns are configured). However, if DRS measurements are configured relatively infrequently this may not be a significant issue. Also, if DRS measurement gap duration is considerably shorter than legacy measurement gap duration, the increase in UE unavailability may not be a significant issue.
Option 2 is also quite simple. It requires the eNB to reconfigure measurement gaps even for legacy measurements when DRS needs to be measured. The potential disadvantage with option 2 is that there are fewer opportunities to perform legacy measurements given a longer DRS measurement gap periodicity as a result of much larger DRS transmission periodicity assumption. This could reduce the accuracy of legacy measurements. However, it should be noted that the legacy measurement accuracy may be on-par with the DRS measurement accuracy depending on the DRS transmission scheme selected in RAN1; therefore this may not be a significant issue. From a RAN2 specification point of view, option 2 is probably the simplest: it simply needs another code-point for the longer measurement gap periodicities. Furthermore, Option 2 seems attractive if the assumption is that in future majority of measurements will be based on DRS (i.e., it’s a more future compatible design). 

Option 3 has some additional specification complexity to ensure that the UE and the eNB have a common understanding of which legacy measurement gaps are not utilized by the UE. The advantage is that it minimizes the additional unavailability of the UE for scheduling. The additional complexity due to Option 3 may not  be very significant. However, the benefits of this option in practice depend on how frequently DRS based measurements are configured and the periodicity of legacy and DRS measurement gaps. 
A further observation should be considered that applies to all three options. The description above suggests that all UEs that are required to measure DRS will be unavailable for scheduling in the serving cell during their configured DRS measurement gaps. The unavailability of a large number of UEs during specific periods can impact system throughput. To avoid this, the DRS transmission duration can be significantly longer the DRS measurement gaps. The network can then configure UE-specific offsets for the DRS gaps so that not all UEs perform DRS measurements at the same time. For example, the DRS transmission duration can be 10 ms (i.e., DRS is transmitted in 10 consecutive subframes) and some UEs are configured to perform DRS measurements in the first 5 ms and the remaining in the second 5 ms.
To enable RAN2 to progress work on this topic, we believe RAN1 needs to discuss the following:

· Usage scenarios for DRS measurement gaps (For example: (a) will DRS be configured most of the time or only occasionally, (b) will DRS measurements be used primarily to toggle the cell state, or to support continued RRM measurements).

· DRS transmission periodicity

· DRS transmission duration and the duration of gaps needed for DRS measurement.
Proposal: RAN1 should discuss the following issues and provide guidance to RAN2 to progress the work on design of measurement gaps for small cell on/off:

· Usage scenarios for DRS measurement gaps.

· DRS transmission periodicity.

· DRS transmission periods and the duration of gaps needed for DRS measurement.
3 Summary
We have reviewed the current status of Discovery Reference signal design and provided a brief analysis of options for measurement gap configurations. Three options have been outlined for configuring measurement gaps. The three options can be summarized as follows:
Option 1: Independent simultaneously configured measurement gap patterns for legacy and DRS measurements.

Option 2: Only one measurement gap pattern configured which is used for performing both legacy and DRS measurements.

Option 3: Independent simultaneously configured measurement gap patterns with aligning of measurement gaps wherever possible.

We propose:

Proposal: RAN1 should discuss the following issues and provide guidance to RAN2 to progress the work on design of measurement gaps for small cell on/off:

· Usage scenarios for DRS measurement gaps.

· DRS transmission periodicity.

· DRS transmission periods and the duration of gaps needed for DRS measurement.
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