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1 Introduction
The Small cell physical layer enhancements includes the topics of small cell on/off operation: the basic idea is to facilitate on/off switching of the small cells to e.g. reduce network energy consumption as well as reducing interference during the times when the network load is low. 
RAN4 recently received several LSs from RAN1 [6, 7 and 8] on the current status of the Small Cell Physical Layer WID. In this contribution, we discuss some of the implications to RAN4 work based on these LSs. In this paper we will look at the DRS design and its possible impact related to cell detection and measurements. Topics covering CRS measurements bandwidth, number of CRS subframes as well as the DRS periodicity will be addressed in more details.
2 Discussion
In this paper, we will focus on cell detection and CRS RSRP based measurements related to small cell on/off and DRS repetition period.

The LS [7] from RAN1 states the latest agreements made in RAN1 concerning the DRS where the highlighted parts refer to agreements with impact on cell detection and CRS based RSRP and RSRQ:

· UE assumes PSS/SSS/CRS in the DRS
· Additionally CSI-RS is assumed in the DRS for measurement if configured by higher layers

· CRS-based RSRP measurements are supported, and CSI-RS–based RSRP measurements are supported
· UE may report DRS-based RSRP/RSRQ and associated PCID and information for TP identification

· RRM measurement configuration and reporting details are up to RAN2
RAN1 is still discussing whether DRS based RSRQ measurement(s) should be defined for CRS, CSI-RS or both.
Additionally the RAN1 LS [6] states following where the agreements, which affects the cell detection and CRS based RSRP and RSRQ:

· For the purpose of DRS based measurements, the UE shall only assume the presence of signals of the DRS.
· For both intra- and inter- frequency measurement, if a UE is configured with only DRS-based measurements reporting on a given carrier frequency, and UE is not configured with an activated serving cell on that carrier frequency, the UE shall (should) not assume the presence of any signal and channel except for DRS in the DMTC (DRS measurement timing configuration) duration.
· For DRS,

· Scrambling ID of PSS/SSS/CRS is PCID

· Scrambling ID of CSI-RS may be different from PCID

· TP identification may be represented by e.g., CSI-RS RE configuration, Scrambling ID, Subframe offset, cover code or their combination.
· FFS on details

· DRS can only be transmitted on a DL subframe or DwPTS region of subframes.
· For DRS-based measurement, a UE assumes that 
· A DRS occasion for a cell consists of

· One instance of PSS/SSS per Rel-8
· CRS is transmitted at least in the same subframe(s) as PSS/SSS
· A DRS occasion can comprise multiple CSI-RS RE configurations

· The different CSI-RS configurations may be in the same or different subframe(s)

· The different CSI-RS configurations may be scrambled independently

· Relative subframe offset between SSS and one CSI-RS RE configuration
· FFS between variable or fixed within 5 msec relative to subframe of SSS

· A DRS occasion for a cell comprises N consecutive subframes (N <= 5)
· FFS on DRS transmission on MBSFN subframe, if so, how

· FFS between

· One or more subframes among N subframes may not carry any DRS signal (i.e., either CRS or CSI-RS)
· All DL subframes carry DRS signal

· A DRS occasion for a cell is transmitted every M ms

· Candidate values for M are 40, 80, 160, FFS on other values
· Note: RAN1 design does not assume any requirements of the number of detectable cells using DRS.
Additionally it has been agreed in RAN1 that on/off cells are only for UE’s in RRC Connected mode. In the following, it is assumed that there will be some sort of network assistance in form of network configuration of the small cell on/off feature information in order to assist the UE operation [8].
RAN1 has also agreed that there will be no need for defining a new measurement gap pattern due to introduction of the small cell on/off feature [8]
RRM requirements for ON/OFF-cells

It seems beneficial to try to analyze which of the existing performance RRM requirements that could readily be re-used and applied for DRS CRS based RSRP RRM requirements for on/off cells. This way there would be less need for extensive simulation campaigns in order to reach agreements on suitable requirements.

In order to facilitate such approach, we have looked at the agreements from RAN1 for the CRS part of the DRS design in terms of repetition period. A DRS repetition period of either 40ms or 80ms will potentially enable re-use of existing inter-frequency measurement gaps and requirements either fully or to a large extend.
Observation 1: Using 40 and/or 80ms DRS repetition period could be beneficial from measurement gaps and RRM requirements point of view.
Aligning the on/off pattern with existing measurement gap pattern will enable re-use of existing inter-frequency cell detection and measurement RRM requirements for on/off cells, and would reduce the possible UE impact from supporting on/off cells. 
Alternatively, it is of course possible also to have other longer DRS repetition periods. Longer DRS repetition period could be beneficial in terms of enabling more efficient eNB power saving and reducing the interference generated by the DRS during DRS periods. A longer DRS repetition period would also benefit the UE in terms of reduced activity on the on/off cell when this is in off state. The drawback of longer DRS repetition period is of course longer cell detection times for on/off cells.

When RAN4 discusses the DRS repetition periodicity Ran4 should consider factors such as cell detection delay, eNB power saving possibilities, interference from DRS when cell is in off state and UE power consumption.

For intra-frequency deployed on/off cells there is no issue of aligning measurement gaps and DRS periodicity intervals. It would however be beneficial also for intra-frequency case to have some DRS repetition information to reduce the UE DRS based cell search. Additionally, it would of course be desirable to have similar approaches for intra- and inter-frequency measurement methods.
Observation 2: Using other DRS repetition periods than 40 and/or 80ms could be beneficial from power saving and interference point of view.
Cell Detection for ON/OFF-cells

As can be acknowledged and agreed in RAN1 [8] there may be some level of network synchronization or frame-offset information available to ensure that proper measurement gap configuration can be given for the UE. To facilitate the measurements of a UE that do not require measurement gaps, it should be considered to provide some level of synchronization information also for such UE. This would enable reduction of the UE power consumption and could be used to improve the DRS based cell search. The accuracy of this synchronization is FFS but it should at least enable the UE to know the approximate location in time of the PSS and SSS part of the DRS.
According to RAN1 [6] the DRS consist of PSS, SSS and CRS. By re-using the DRS periodicity of 40 or 80 ms the PSS/SSS would be repeated with the same periodicity as measurement gap patterns 0 or 1. Having the same DRS periodicity, as the measurement gap in GP0 and GP1, would enable re-use of the same cell detection requirements as already defined for inter-frequency cell detection when using GP0 or GP1.
Observation 3: DRS PSS/SSS repetition of 40 and/or 80 ms is beneficial for re-use of existing intra- and inter-frequency cell detection requirements.
If longer DRS periodicity is considered RAN4 would likely need to consider which cell detection requirements would be suitable – one option here would be to consider applying the existing cell detection requirements applicable for UEs in connected mode DRX.
Observation 4: DRS PSS/SSS repetition longer than 40 and/or 80 ms might be feasible by re-using connected mode DRX intra- and inter-frequency cell detection requirements. 
Based on the observations we propose:

Proposal 1: Define PSS/SSS repetition period for DRS that matches one of the existing (DRX) requirements and is a (multiple of) a measurement gap pattern period.
RRM Measurements for ON/OFF-cells

RAN1 has also decided that CRS is as minimum available in the same sub-frame as where PSS/SSS are available. This seems to indicate that RAN4 need to discuss the need for CRS availability in sub-frames beyond the PSS/SSS sub-frames.

RAN1 has also agreed that a UE configured with DRS-based measurements reporting on a given carrier frequency, not configured with an activated serving cell on that carrier frequency, shall/should not assume presence of any signal and channel except for DRS in the DMTC (DRS measurement timing configuration) duration.
As RAN1 so far only have agreed on CRS RSRP (CRS RSRQ part is not decided yet) for DRS we will following only discuss the RSRP part. RAN1 has requested RAN4 to evaluate requirements concerning DRS measurement bandwidth, DRS periodicity and duration of DRS.
Current CRS based RRM RSRP measurement requirements are based on UE measuring CRs of the 6 centre PRBs to derive the RSRP. When discussing DRS CRS based RSRP same assumption should be used as baseline. As CRS RE for DRS is unchanged it should be possible to achieve same DRS CRS RSRP measurement accuracy as currently defined for existing RSRP measurements. Therefore we see it possible to keep DRS CRS RSRP measurement BW aligned with the currently assumed minimum measurements BW in order to allow re-use of existing UE requirements.
Observation 5: DRS CRS based RSRP requirements should be based on existing 6 centre PRB requirements.
If seen necessary RAN4 could investigate if benefits are identified from wider measurement bandwidth is needed for DRS CRS RSRP. If beneficial and sufficiently justified RAN4 could define measurement BW larger than existing assumed measurement bandwidth.
DRS periodicity also have impact on the DRS CRS RSRP measurement accuracy. As discussed in section 2.2 it could be beneficial to use a DRS repetition period of 40 and/or 80 ms in order to re-use of existing cell detection requirements. Similar approach can be applied also for RSRP measurements. I.e. having a DRS repetition period of 40 or 80 ms would make it possible to re-use inter-frequency measurement requirements also for DRS RSRP requirements when gaps are used.

Observation 6: DRS CRS repetition period of 40 or 80 ms would make it possible to re-use inter-frequency measurement requirements for DRS RSRP requirements when gaps are used.
Longer DRS CRS repetition periods are also possible while re-using existing requirements would be possible. In that case, the RSRP requirements could be based on requirements for UEs in connected mode DRX. A longer DRS repetition period could have network and UE benefits in terms of increased power saving opportunities and reduced interference. Based on the discussion in this section related to DRS CRS based RSRP we propose:

Proposal 2: Define PSS/SSS repetition period for DRS that matches one of the existing (DRX) requirements and is a (multiple of) a measurement gap pattern period.
The impact on UE RRM measurements from turning a cell on and off happens if the UE measurements are performed in an unsynchronized manner leading to that the UE would potentially sometimes measure while the cell is on and at other times when the cell is off. 
RRM Measurements for ON/OFF-cells
RAN1 is further discussing:

· A DRS occasion for a cell comprises N consecutive subframes (N <= 5)

· FFS on DRS transmission on MBSFN subframe, if so, how

· FFS between

· One or more subframes among N subframes may not carry any DRS signal (i.e., either CRS or CSI-RS)
· All DL subframes carry DRS signal

When discussing the amount of consecutive subframes (N) a DRS will comprise off RAN1 still need to decide the details. RAN1 has in [8] asked RAN4 to evaluate the measurement bandwidth, periodicity and duration of a DRS occasion. From RAN1 agreements, it seems clear that N could be any number between 1 and 5 both included.
In [9] we questioned the impact from the DRS duration which RAN4 would need to analyse would at least be:

1. Can both ON- and OFF-cells be subject to the same measurements performance and accuracy?

2. Is UE aware that a cell it has detected is in OFF state or ON state?

3. Which, if any, information is available to the UE as assistance information for the discovery measurements in addition to timing related information?

Based on latest agreements and the fact that the UE would be configured with dedicated DRS measurement configuration we see it as follows: Having a dedicated DRS measurement configuration defining the DRS measurement restrictions enable having the same DRS measurement performance and accuracy independently from on/off cell status. This is assuming that the DRS is independent from cell state. This also ensures that the UE would not need to know the cell state for DRS measurements. Network would of course need to provide assistance information to UE in terms of location [8] and DRS periodicity.
3 Conclusions

This contribution discussed the small cell On/Off and its impacts on RRM measurements. We discussed some of the implications to RAN4 work based on the LSs received from RAN1. In this paper we looked at the DRS design and its possible impact related to cell detection and measurements. Topics covering CRS measurements bandwidth, number of CRS subframes as well as the DRS periodicity was addressed in details. Based on the discussion we observe and propose: 

Observation 1: Using 40 and/or 80ms DRS repetition period could be beneficial from measurement gaps and RRM requirements point of view.
Observation 2: Using other DRS repetition periods than 40 and/or 80ms could be beneficial from power saving and interference point of view.

Observation 3: DRS PSS/SSS repetition of 40 and/or 80 ms is beneficial for re-use of existing intra- and inter-frequency cell detection requirements.

Observation 4: DRS PSS/SSS repetition longer than 40 and/or 80 ms might be feasible by re-using connected mode DRX intra- and inter-frequency cell detection requirements. 

Based on the observations we propose:

Proposal 1: Define PSS/SSS repetition period for DRS that matches one of the existing (DRX) requirements and is a (multiple of) a measurement gap pattern period.
Additionally we observe:

Observation 5: DRS CRS based RSRP requirements should be based on existing 6 centre PRB requirements.

Observation 6: DRS CRS repetition period of 40 or 80 ms would make it possible to re-use inter-frequency measurement requirements for DRS RSRP requirements when gaps are used.
Based on which we propose:

Proposal 2: Define PSS/SSS repetition period for DRS that matches one of the existing (DRX) requirements and is a (multiple of) a measurement gap pattern period.
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