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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Small cells may be turned on/off for interference avoidance and coordination among small cells to provide potential throughput gains. In addition, small cell on/off schemes may also provide benefits in terms of energy savings. It is beneficial to introduce the small cell on/off transition time reduction, and the gain increases with decreasing transition time. Discovery procedure/signal(s) is used for supporting an enhanced transition time reduction. 
In [3], RAN1 informs RAN4 that RAN1 discussed small cell discovery signal and the following agreements were achieved 
· 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.

DRS RSRP/RSRQ Measurements
Unlike the legacy system, in which CRS is transmitted in all DL subframes, the DRS-based measurements for small cell enhancements need to be based on the configured DRS occasions. Although the configuration of the DRS occasions are not finalized yet, it is indicated from RAN1’s current agreement that
· DRS occasion for a cell is not sent in every DL SF, but every M={40,80,160, FFS} ms
Thus, the new requirements for DRS-based RSRP/RSRQ measurements should be introduced based on the available DRS occasions. 
For legacy CRS-based RSRP/RSRQ measurements, the measurement period of 200ms is assumed. Within the 200ms, the UE could take multiple measurement samples, e.g., every 40ms or 5 samples, in order to meet the current RSRP/RSRP measurement accuracy requirements. With the small cell ON/OFF, DRS will not be available in every DL subframe. Instead, it will only be available for every M downlink subframes with M={40,80,160, FFS} ms. Depending on the DRS occasion configuration, the UE may only have 1 to 5 DRS occasions per 200ms. The UE may not be able to obtain the enough samples for meeting the current RSRP/RSRQ performance requirements with the measurement period of 200ms.
From system performance point of view, it would be desirable that the UE to keep the same RSRP/RSRQ measurement performance for small cell enhancements as the legacy RSRP/RSRQ measurements. In order to do that, it will have to extend the RSRP/RSRQ measurement period to be longer than 200ms.
Observation 1: It is desirable for the UE to provide DRS-based RSRP/RSRQ measurements with the same accuracy performance as the legacy CRS-based RSRP/RSRQ measurements. In order to do that, the DRS-based RSRP/RSRQ measurement period will need to be extended for longer than 200ms in order for the UE to have enough measurement samples. 
There can be different approaches to define the DRS-based RSRP/RSRQ measurement period. One is to simply define  DRS-based RSRP/RSRQ measurement period as a minimum fixed period, within which the UE is guaranteed to have enough DRS occasions for the UE to provide accurate RSRP/RSRQ measurement under any possible DRS occasion configuration. For example, the longest the DRS occasion is currently 160ms. We may set the DRS RSRP/RSRQ measurement period to 1000ms to guarantee there are 5 or more DRS occasions within the period for the UE to measure RSRP/RSRQ. 
Another approach is not to fix the measurement period, but the available DRS occasions. For example, we may define the accuracy requirements assuming at least 5 DRS occasions are available for the UE to measure the DRS  RSRP/RSRQ.  This approach may provide more flexible control to utilize different DRS occasions to balance power consumption and DRS RSRP/RSRQ performance. This may also be the intention of RAN1’s decision to have different lengths of the DRS occasion from M={40,80,160, FFS} ms. 
Observation 2: For small cell enhancements, there could be two options to define the RSRP/RSRQ measurement period: 
a) Define DRS-based RSRP/RSRQ accuracy requirements based on a fixed measurement length (e.g., 1000ms), within which, at least, a certain number of DRS occasions (e.g., 5 DRS occasions) are available for the UE to measure the RSRP/RSRQ
b) Define DRS-based RSRP/RSRQ accuracy requirements based on a fixed number of available DRS occasions (e.g., 5 DRS occasions) without fixing the measurement length. 

Summary 
In this paper, we discussed the DRS-based the RSRP/RSRQ measurement requirements and came with the following proposal: 
Proposal: DRS-based RSRP/RSRQ measurements should have the same accuracy performance requirements as the legacy CRS-based RSRP/RSRQ measurements

In addition, we observed that 

Observation: DRS-based RSRP/RSRQ measurement period may be defined either with a fixed measurement length within which, at least, a certain number of DRS occasions are available, or with a fixed number of DRS occasions. More discussion and simulation investigation may be needed to determine which approach is more suitable for the small cell enhancements.
References
1. [bookmark: _Ref260666906][bookmark: _Ref253734051][bookmark: _Ref233528078][bookmark: _Ref197140682]RP-132073, New WI proposal: Small cell enhancements - Physical layer aspects, Huawei, CATR, HiSilicon. 
1. R4-144015 (R1-142698), LS on small cell discovery signal, TSG RAN WG1
1. R4-144060 (R1-142733), LS on discovery signal details, TSG RAN WG1
1. RP-140635,  Status report for WI: E-UTRA Small cell enhancements - Physical layer aspects, Huawei
1. 3GPP TR 37.872, Small cell enhancements for E-UTRA and E-UTRAN - Physical layer aspects.


2

