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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 the RAN4 AH meeting the small cell On/Off topic was discussed in more details. This contribution discuss some of the implications to RAN4 work based on the received LSs as well as the discussion carried out in Beijing AH meeting. We will look at the On/Off in terms of PSS/SSS and CRS precense and CSI-RS in general. 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 as well as the UE Off->On transition time delay.
2 Discussion
Before going into the details of the DRS design we believe it is beneficial to address a couple of basic issue which were also discussed in RAN4 Beijing AH – namely 1) the issue of small cell On/Off feature assuming synchronized network or not. Additionally 2) cell detection based on PSS/SSS/CRS and done prior to CSI-RS measurements and TP identification can be done [10].
It is our view that RAN1 has not yet decided to exclude the support of small cell on/off in asynchronous networks. In the case of asynchronous networks, RAN1 has discussed how the network can ensure UE having relevant DRS occurrence information (i.e. some synchronization information), but as long as the use case is supported in RAN1, RAN4 would need to include it in the discussion.

As discussed in [10] it is also our view that PSS/SSS/CRS based cell detection has to be performed prior to being able to perform CSI-RS based measurments. Based on this observation we proposed to decide on DRS occasions based on the cell detection requirements for small cells. Based on the SC On/Off cell detection requriements RAN4 can then following develop CSI-RS based requirements.

Proposal 1: RAN4 should first decide on DRS periodicity based on the small cell On/Off cell detection requirements. Following RAN4 can develop CSI-RS based requirements.

PSS/SSS/CRS for ON/OFF-cells

When discussing SC on/off feature 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 cell detection and 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 PSS/SSS/CRS part of the DRS design in terms of DRS 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 gap 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 – as also mention in the RAN1 LSs - it is of course possible also to have other longer DRS repetition periods. Longer DRS repetition period could be beneficial e.g. 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 cells are 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.
Taking these considerations into account as well as the tight time line for the WI, we see it beneficial to use a DRS repletion of either 40ms or 80ms. This approach would facilitate re-use of existing RAN4 performance requirements and reduce RAN4 work time to finalize the topic. If seen necessary further improvements e.g. in terms of longer DRS periods could be considered in Rel-13 time frame.

Observation 2: DRS repetition periods of 40 and/or 80ms would be beneficial for enabling re-use of requirements.
From CRS based RSRP measurement point of view it would likely be possible to re-use existing 6PRB based measurement bandwidth requirements. Having wider measurement bandwidth have been discussed extensively in RAN4 earlier and can in some cases lead to more accurate RSRQ measurement results. For RSRP measurements, there is not a similar impact depending on the chosen measurement bandwidth as seen from RSRQ. Additionally RAN1 has not yet decided on the need for DRS based RSRQ measurements. But the need for wider bandwidth CRS based RSRQ measurements could be discussed and evaluated based on the gain in measurement accuracy from applying WB CRS based RSRQ measurements compared to RSRQ measurements based on 6PRBs. This can be done if RAN1 decides to introduce these DRS RSRQ measurements.
Proposal 2: If RAN1 introduces DRS RSRQ measurements RAN4 should discuss the need for wideband measurements on SC On/Off cells.

CSI-RS for ON/OFF-cells

According to RAN1 decision, the CSI-RS is optionally configured in case DRS is configured. Within the DRS, there can be one or multiple RE configurations and the different CSI-RS configurations may be in same or different subframe. Additionally [8] states that for CSI-RS as DRS, at least single antenna port 15 with 2 REs per PRB of CSI-RS RE configuration is supported for CSI-RS based RSRP. This means RAN4 should use this to develop the minimum performance requirements for small cell on/off CSI-RS based measurements.

The UE will have cell bandwidth information available when configured with CSI-RS measurements. As discussed in [19] the CSI-RS RE density is much lower than that known from CRS RE. This means that the CSI-RS measurement accuracy will be lower compared to CRS measurements taken over same bandwidth.

In order to increase the CSI-RS measurement accuracy the UE could measure over a larger bandwidth. Using larger measurement bandwidth will also ensure that the CSI-RS measurement requirements can be defined based on minimum CSI-RS RE of 2 RE per PRB which is current minimum configuration.

Proposal 3: define CSI-RS RRM measurement requirements based on minimum CSI-RS RE density of 2 RE/PRB.

It is understood, that for initializing the CSI-RS measurement sequence, the measurement bandwidth information is needed to perform CSI-RS measurements. Having the bandwidth information allows RAN4 to investigate using larger measurement bandwidth for CSI-RS RSRP than current 6 PRB measurement bandwidth, which is currently used as baseline for existing CRS measurements. Using larger bandwidth would increase the amount of CSI-RS RE available for RSRP which will likely lead to a more accurate measurement result.

Proposal 4: Investigate the wideband CSI-RS RSRP measurement as way to increase the CSI-RS RSRP measurement accuracy.

Another aspect to discuss is the need for time domain averaging as currently done for existing CRS based RRM measurements. For existing CRS RRM measurement a L1 filter is included in measurement results in order to ensure more stable measurement results to reduce the false alarm/trigger rate in UE. Additionally a L3 filter can be applied as well for further time domain averaging.

L1 filter and the need for such filter can be discussed within RAN4. Time domain need might depend on whether RAN2 decide having event triggers for CSI-RS measurements defined. If this is the case then there would likely be a need for some TD filtering of the CSI-RS measurements in order to lower possible false triggers. 

If RAN2 does decides not to define CSI-RS event triggers and decide that the CSI-RS measurements are only used as additional information in CRS based reporting, then there would potentially be no need for TD averaging of the CSI-RS measurements.

Proposal 5: RAN4 should discuss the need for CSI-RS based measurement time domain filtering.

UE OFF/ON transition time
One thing RAN4 also needs to discuss is the UE transition time requirements in terms of the time delay the UE is allowed from when the on/off cell transists from Off state to On state and until the UE is ready on the SC On cell.
This situation could be comparable with the discussion RAN4 had related to SCell activation time. I.e. UE delay requirements related to small cell Off to On transition time could be compared to SCell in deactivated to activated transition times.

Using the CA SCell activation delay requirement numbers the UE would need to be ready on a newly turned On Small cell n+24 TTIs if the On indication is received in TTI n.

Proposal 6: RAN4 should discuss the UE delay requirements related to newly turned On small cell.

Discussion on N
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 RAN1 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 enables having the same DRS measurement performance and accuracy independently from small cell on/off status. 
This view 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 and so forth. To keep the assistance information low and the UE impact low we propose to use N=5 as it would lead to simpler intergration with existing implementation e.g. gap assisted measurements.
Proposal 7: We propose to use N=5 as DRS occasion length.
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 and UE Off->On transition delay 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 gap and RRM requirements point of view.
Observation 2: DRS repetition periods of 40 and/or 80ms would be beneficial for enabling re-use of requirements.

Based on the discussion observations we propose:

Proposal 1: RAN4 should first decide on DRS periodicity based on the small cell On/Off cell detection requirements. Following RAN4 can develop CSI-RS based requirements.

Proposal 2: If RAN1 introduces DRS RSRQ measurements RAN4 should discuss the need for wideband measurements on SC On/Off cells.

Proposal 3: define CSI-RS RRM measurement requirements based on minimum CSI-RS RE density of 2 RE/PRB.

Proposal 4: Investigate the wideband CSI-RS RSRP measurement as way to increase the CSI-RS RSRP measurement accuracy.

Proposal 5: RAN4 should discuss the need for CSI-RS based measurement time domain filtering.

Proposal 6: RAN4 should discuss the UE delay requirements related to newly turned On small cell.

Proposal 7: We propose to use N=5 as DRS occasion length.
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