3GPP TSG-RAN1#76bis
R1-141417
Shenzhen, China 31st Mar –4th Apr 2014
Agenda Item:

7.2.4.2.2
Source:

ZTE
Title:

On network assisted DS transmissions under uncertain relative time 
differences
Document for:  
Discussion and Decision

1 Introduction
In RAN1#76, it was agreed that [1]:

· Network assistance related to at least timing associated with discovery measurement is provided to UEs for Rel-12 discovery procedure

· It does not mean that DRS-based measurement reporting based on autonomous UE detection is precluded 
· Accuracy of timing considered for network assistance will be defined by RAN4

· FFS: What is timing information associated with discovery measurement
· FFS: Other information provided
In this contribution it is investigated how network assisted discovery can be performed in the case that the serving cell has the relative timing information available about the small cell cluster. The maximum tolerable uncertainties in the timing information are investigated for different DS transmission schemes.

It is found that for a single DS transmission, the maximum tolerable timing uncertainty is 2.5ms-T/2, where T is the duration of the DS. For deployments where larger uncertainties can be expected, and network assisted discovery still shall work, it is proposed to transmit multiple copies of the DS.
2 Factors impacting the relative timing uncertainty

The serving cell configures the UE measurement gaps for inter-frequency measurements according to the timing of the serving cell. The discovery signal, on the other hand, is transmitted from the low power nodes according to the timing of low power nodes within that cluster.

It is assumed that all LPNs within a cluster transmit synchronously but that the cluster is not synchronized with the serving cell. If the gap configured by the serving cell can cover the discovery signal transmitted by the LPNs, it can help UEs to discover the LPNs more efficiently. Therefore, the serving cell needs to know the transmission pattern of the discovery signals and it needs to know the relative timing difference between itself and the small cell cluster. Then, it can configure the measurement gaps accordingly. This is illustrated in Figure 1.
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Figure 1 - Measurement gap configuration according to timing information
There are limitations on how well the serving cell can place the measurement gaps. One limitation is the granularity with which the measurement gaps can be configured, this is 1ms. The relative time offset between the small cell cluster and the serving macro cell, on the other hand, can take on any value. Thus, due to the granularity of the measurement gap configuration, an error of maximum 0.5 ms is introduced. 
Assume that the gap is targeted to be placed so that the discovery signal appears in its middle. Then, due to the configuration granularity, there is a maximum deviation of +/- 0.5 ms from the ideal location. This is illustrated in Figure 2 , where T denotes the duration of the discovery signal.
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Figure 2 - Measurement gap inaccuracy due to configuration granularity
Observation 1: Due to the granularity of the measurement gap configuration, a deviation of max +/- 0.5ms from the desired location can occur.
Another error source which is impacting the measurement gap placement is how accurate information the serving cell has available about the small cell layer timing. Many factors may have an impact on this value, e.g.:

· Outdated timing information

· Propagation delay between serving cell and UE as well as propagation delay between UE and small cell layer

· Method of how the serving cell acquires the small cell later timing

The value is implementation related and it can be expected that it will differ for different deployments and network realization concepts . It is assumed that the entire DS shall be received during one measurement gap.

Observation 2: The cluster timing information that is available at the serving cell may differ from the actual small cell timing.
3 Maximum tolerable timing uncertainty for a single DS transmission
Let Dmax be the maximum tolerable timing uncertainty (without the granularity of the gap configuration), this value is calculated to 2.5ms-T/2, where T denotes the duration of the discovery signal. In Figure 3, two examples to illustrate the timing uncertainty are given. The impact of the granularity for the measurement gap configuration is accounted with 0.5 ms.

The dashed box in Figure 3 describes the DS position onto which the measurement gap is targeted according to the available timing information. The solid box is the real position of the DS signal. In the upper example of Figure 3, 0.5ms+D1+T/2 is less than 3ms, i.e. D1<Dmax,  the whole DS is then within the gap and can be detected. At the bottom, on the other hand, 0.5ms+D2+T/2 is larger than 3ms, i.e. D2>Dmax. Thus, the DS is ending outside the measurement gap and, consequently, cannot be detected.  

[image: image3.emf]6 ms measurement gap

DS

0.5ms+ D

1

T

-3ms

3ms

DS

T/2

6 ms measurement gap

DS

0.5ms+ D

2

T

-3ms 3ms

DS

T/2

DS detected

D

2

<D

max

DS not 

detected

D

2

>D

max

D

max

=2.5ms-T/2


Figure 3 - Measurement gap location and DS detection dependent on inaccuracy of available timing information  
Observation 3: For a single DS transmission, the uncertainty of the timing information available at the serving cell shall not be larger than 2.5ms-T/2. Then, network assistance can ensure that the entire DS is received within one measurement gap.
Proposal 1: For a single DS transmission, the maximum tolerable timing error should be defined to 2.5ms-T/2, where T is the duration of the DS
4 Increasing maximum tolerable relative timing uncertainty with multiple DS transmissions
When the uncertainty of the relative timing information is larger than 2.5ms-T/2, than it cannot be guaranteed that the entire DS is received within one measurement gap.  

To solve this problem, it is proposed to transmit several identical copies of the DS. There are multiple options how these copies can be placed. They could for instance be transmitted  adjacently to each other or they could be separated with a guard time. By doing so, also larger uncertainties of the available timing information can be handled. 
As an example, the concept of transmitting 3 identical copies of the DS adjacent to each other is illustrated in Figure 4 . With this method larger timing uncertainties can be tolerated. For 3 consecutive transmission, Dmax is calculated to Dmax= 2.5ms+T/2. 
If D3<Dmax, then, always one part of the original DS will be received but not necessarily the complete one. With the transmission of 3 DS instead, one added just before and one added just after the original DS, then always one DS is received completely. In the example shown in  Figure 4, the early copy of the DS is received instead of the original DS. 
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Figure 4 - Triple transmission of DS. One DS is located at the original position and one copy is sent earlier and one copy is sent later
This concept can be extended to even larger uncertainties of the timing information. Then, sufficiently more copies of the DS are transmitted. 
Another method is to transmit multiple copies of the DS is to apply a guard time 
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between them. Tgap is the measurement gap width of 6ms and T the duration of the DS with 0<T<3ms. This illustrated in Figure 5 .
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Figure 5 - Non-adjacent transmission of identical DS copies, Tgap=6ms, T is DS duration

There exist also other solutions, where an even number of DS signals can be transmitted.
Observation 4: By transmitting multiple DS signals, larger maximum timing uncertainties can be tolerated. 
Proposal 2: For small cell deployments with large uncertainties on the timing information, network assisted discovery should still be possible. Therefore several copies of the DS should be transmitted. 
5 Conclusion 

In this contribution, we have discussed the impact of timing inaccuracies in the case for network assisted small cell discovery. We have shown how we calculate the maximum tolerable timing uncertainty for a single DS transmission and for 2 different concepts of multiple DS transmission.
Following observations have been in the previous part of the document:

Observation 1: Due to the granularity of the measurement gap configuration, a deviation of max +/- 0.5ms from the desired location can occur.
Observation 2: The cluster timing information that is available at the serving cell may differ from the actual small cell timing.
Observation 3: For a single DS transmission, the uncertainty of the timing information available at the serving cell shall not be larger than 2.5ms-T/2. Then, network assistance can ensure that the entire DS is received within one measurement gap.
Observation 4: By transmitting multiple DS signals, larger maximum timing uncertainties can be tolerated. 
Following proposals are made:
Proposal 1: For a single DS transmission, the maximum tolerable timing error should be defined to 2.5ms-T/2, where T is the duration of the DS
Proposal 2: For small cell deployments with large uncertainties on the timing information, network assisted discovery should still be possible. Therefore several copies of the DS should be transmitted. 
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