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1 Introduction
RAN1 is specifying discovery reference signals (DRS) for the purpose of allowing empty cells to transmit mandatory signals at sparser occasions than currently.

After RAN1#78 an LS was sent to RAN4 [1]:

Overall Description:

3GPP RAN1 has agreed that SSS occurs in the first subframe of a DRS occasion. RAN1 would like to ask RAN4 to consider whether there is an AGC issue if SSS is located in the first subframe of a DRS occasion.

Actions:

RAN1 respectfully asks RAN4 to take the above information into account for the work on small cell enhancements, and to inform RAN1 if RAN4 finds a problem for AGC with having SSS in the first subframe of a DRS occasion.

In this contribution we provide our view on the proposal by RAN1.
2 Analysis

2.1 Discovery Reference Signals
According to the proposal in RAN1 DRS shall be transmitted periodically every 40, 80 or 160ms, with duration of 1-5 subframes when a cell is in OFF state. Only SCells can be toggled between ON and OFF states; PCells are always in ON state.
During the OFF period nothing will be transmitted, and during the ON period legacy signals will be provided, including one subframe with synchronization signals. The agreement in RAN1 is that the first subframe in a DRS burst carries the synchronization signals, which for FDD are located at the end of the first or the tenths slot.

The DRS configuration is applicable per carrier and signalled or broadcasted to the UE. The same configuration is valid for all cells on that particular carrier. 

2.2 Automatic Gain Control
Due to finite-precision representation of IQ samples in the UE the signals have to be within a proper range when being converted from analog to digital domain and sampled. Otherwise information may be lost or a lot quantization noise may arise, resulting in lowered receiver performance. Automatic gain control is about setting appropriate receiver gains both in the analog and digital parts of the radio.

There are different procedures to find and set the correct gain. Before the UE has detected a cell on a carrier, it knows nothing about where to expect signals such as CRS to be sent. At this stage it needs to either hypothesize the gain setting, or it may adjust the gain continuously based on RSSI. Once a first cell has been found, it knows where there are CRS and the carry out AGC either based on RSSI in OFDM symbols carrying CRS, or based on RSRP. If the UE knows where it can measure signal strength but has no initial information on a suitable gain, it may carry out a full gain search which essentially is about doing several measurements and adjust the analog gain in between, for instance starting at a mid-value and the deciding whether to increase or reduce the analog gain depending on whether the resulting signal is saturated or utilizing only the least significant bits. This procedure requires about one unicast subframe.
The applicable gain changes with the propagation conditions and the load in the cells on the particular carrier. Given that the UE is addressing the strongest cell the fluctuations due to load changes are manageable, but changes in propagation conditions may have bigger impact due to fading. Therefore the UE regularly has to track the signal strength (RSSI or RSRP) to follow the fluctuations and to maintain a suitable gain setting.

In DRX the UE is configured to only wake up to monitor PDCCH for a configurable time called “on duration” at periodic occasions, and in case it does not get any assignments it can turn off the radio and wait for the next occasion to wake up. In case it gets an assignment, the time it is awake is extended, and when no longer receiving any assignments it goes to sleep.
In DRX there is generally a choice for the UE to either wake up some time before the next on-duration and search a gain value without prior assumptions (gain search), or to wake up just in time to monitor PDCCH and apply the last stored gain from when going to sleep and simultaneously determine a more suitable gain to be applied in a later subframe during the “on duration”.

For inter-frequency/inter-RAT measurements in gaps on more than one carrier occasionally there will be one or more measurement gaps in between the measurements carried out on a particular carrier. Due to limited number of addressable subframes for RSRP measurements in case of full MBSFN configuration (which in general is unknown for inter-frequency or inter-RAT measurements towards EUTRAN), the UE has little choice other than to apply the suitable gain as determined during the previous measurement gap on that carrier.
2.3 Impact of DRS agreement on AGC

Regarding the question on whether having the synchronization signals in the first subframe of the DRS burst has any implication, our view is yes and no.

It will have an impact the first time the UE tries to identify the cell. Here it might be challenging for the UE to adjust when the cell is going from complete silence to potentially a strong signal. So, yes, one can expect some difference compared to legacy releases. On the other hand, new algorithms can be introduced where this dynamics in RSSI is identified and recognized, and handled. One can assume that this will impact the cell detection time by one DRS period.
Once the first cell has been identified there is no difference from existing DRX and measurement scenarios, hence for RSRP/RSRQ measurements on cell in OFF state the UE can apply the gain setting determined in the previous burst, and then derive a new gain setting to be used in a later subframe, either in the same or the next burst.
Proposed response to RAN1: The cell detection time will increase by one DRS period due to that the proper gain setting will have to be determined before cell search can be carried out, but otherwise there is no impact other than already seen e.g. from legacy measurements in measurement gaps.
3 Conclusions
We have analysed the proposal from RAN1 and identified what impact there would be on cell detection and measurements. We have the following proposal for response to RAN1:
The cell detection time will increase by one DRS period due to that the proper gain setting will have to be determined before cell search can be carried out, but otherwise there is no impact other than already seen e.g. from legacy measurements in measurement gaps.

The proposed LS out can be found in [2].
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