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1 Introduction

As the outcome of RAN1 #77 and e-mail discussion, in total, RAN4 has received 3 LSs from RAN1 about small cell DRS design [1] [2] [3]. In this paper, the DRS based RRM requirements and further DRS based cell identification requirement were discussed based on the RAN1 agreements. 
	DRS details

· UE assumes PSS/SSS/CRS in the DRS 

· Additionally CSI-RS is assumed in the DRS for measurement if configured by higher layers 

· One instance of PSS/SSS per Rel-8

· Scrambling ID of PSS/SSS/CRS is PCID 

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

· CRS is transmitted at least in the same subframe(s) as PSS/SSS 

·    A UE may assume that all DL subframes and DwPTS region of subframe in a DRS occasion are available at least for CRS as DRS based measurements

· FFS whether number of subframes in a DRS occasion is to be fixed or configurable

· FFS relation to restricted measurement subframe

· FFS whether to indicate the number of CRS ports

· A UE can assume that at least CRS antenna port 0 for a cell is transmitted
· 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 

· 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

· FFS whether to indicate the number of CSI-RS ports

· FFS on supporting other antenna port(s) and/or more REs/PRB

· In a DRS occasion, the relative subframe offset between SSS and one CSI-RS RE configuration (or equivalence) can be different for different CSI-RS RE configurations

· For each CSI-RS RE configuration in a DRS occasion, a UE can assume that the corresponding CSI-RS is transmitted in one subframe

· FFS on whether to allow more than one subframe

DRS based measurement

· A UE can be configured with one DRS measurement timing configuration (DMTC) per frequency 
· The reference timing for the offset is the primary serving cell’s timing 
· No new measurement gap pattern is introduced for DRS-based measurement

· 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 
· Requirements on measurement bandwidth, periodicity, and duration of a DRS occasion should be discussed in RAN4

· RAN1 is still discussing whether DRS based RSRQ measurement(s) should be defined for CRS, CSI-RS or both


2 Discussion
2.1 DRS based RRM requirements 

First of all, small cell on/off operation is discussed in RAN1 in parallel with DRS design. DRS handling is not clear from RAN1 perspective especially for DRS handling within Small cell ON period and transition period between ON and OFF. In order to progress the work of defining RRM requirements including cell detection and RSRP/RSRQ measurement, DRS based RRM requirements should be discussed based on current RAN1 agreements regardless of on/off operation of associated serving or target cells. Once RAN1 finish the design of DRS handling in on/off states, RAN4 can further define the applicable scope of DRS based RRM requirements.
Proposal 1: RAN4 shall first focus on defining DRS based cell detection requirements and measurements accuracy requirements regardless the on/off operation of associated cells and then discuss the applicable scope of DRS based requirements after RAN1 finish the design of ON/OFF feature.  
Furthermore, 4 deployment scenarios have been defined in TR36.872, i.e., scenario #1, #2a, #2b and #3. Also, considering small cell can be also configured as serving cell in CA mode, DRS based requirements of the following cases should be defined to support different small cell scenarios

· intra-frequency layer

· inter-frequency layers 

· component carriers with activated/deactivated serving cells 

Considering  the RAN1 agreements in RAN1 #76, i.e., “Rel-12 discovery procedure is configured only for RRC_CONNECTED UEs”, it was proposed:

Proposal 2: Defining DRS based cell detection requirements and measurement accuracy requirements for intra-frequency, inter-frequency and component carriers with activated/deactivated serving cells in RRC_CONNECTED state. 
2.2 DRS based cell detection requirements 
According to RAN1 agreements, there are two types of cell/TP detection requirements. UE measurement behavior and baseline receiver for these types of cell/TP detections shall be clarified first. 
1) DRS based RSRP with associated PCID

2) DRS based RSRP with associated Cell/TP identification (detail of TP identification is FFS)
For type 1 detection, similar as existing cell detection behavior, UE will identify PCID based on PSS/SSS/CRS and report RSRP based on CRS. The delta of cell detection delay performance between small cell scenario and existing cell detection requirements will largely depend on 

· The difference of available measurement samples in each measurement occasion. 

· The difference of interference level in small cell scenario due to dense deployment. 

In existing 40ms/80ms gap based inter-frequency cell detection, minimum 5 subframes and 6RB measurement bandwidth are available in each measurement. Given that, the 40ms periodicity, 5ms duration and 6RB measurement bandwidth can be considered as baseline to define the PSS/SSS/CRS cell detection requirements. Other options can be also considered in link level study. 
Interference level of detected cells in small cell scenario needs to be derived as input for link level simulation campaign. In RAN1 performance evaluation study, scenario 2a with dense deployment of small cells, i.e., 1 cluster per cell, 10 cells per cluster as baseline, has been evaluated. RAN4 could reuse this scenario as well as other assumptions captured in [4] to further align the system level simulation assumption. 

Also, in existing cell detection behavior, the feasibility of using PSS/SSS/CRS to identify PCID without knowing the candidate cell list has been already justified. However, considering the foreseen server interference in small cell scenario, this assumption may be revisited and link level study shall take RAN1’s decision on the assistance information if any into account. 
Regarding the baseline receiver, UE PSS/SSS IC with the capability of for 2 cells cancellation has been discussed in RAN1 evaluation to enhance the small cell detection performance. It was observed the detection probabilities for the 2nd and 3rd best RSRP small cells can be improved significantly [4]. However, the feasibility of reusing SS-IC assistance information in small cell scenario and other scenarios is not concluded yet in both RAN1 and RAN4. In order to avoid controversial discussion in RAN4 about network assistance information in small cell scenario at this moment, it is suggested that not considering up to 2 cells SS-IC receiver unless consensus can reached that network could provide SS-IC assistance information in small cell scenario. 
Therefore for type 1 detection: 
Proposal 3: For DRS based RSRP with associated PCID requirement, 
· UE will identify/verify PCID based on PSS/SSS/CRS and report RSRP based on CRS.
· 40ms periodicity, 5ms duration and 6RB measurement bandwidth can be considered as baseline to define the PSS/SSS/CRS based cell detection requirements. Other options are not precluded in link level simulation study.

· Interference level of detected cells in small scenario needs to be derived as input for link level simulation. Scenario 2a with dense deployment of small scenarios can be used as baseline. 

· No candidate cell list and SS-IC is considered in link level study unless large bias of delay performance is observed. 

For type 2 detection requirements, if CSI-RS is configured, CSI-RS can carry cell identification in non-shared cell ID scenario and TP identification information in shared cell ID scenario.  UE can identify Cell/TP and reporting RSRP based on CSI-RS if CSI-RS is configured. 
In RAN1 study, among the candidate RS, CSI-RS has been shown to provide excellent cell detection capability since higher SINR operating point comparing with PSS/SSS/CRS could be achieved for CSI-RS by configuring muting scheme. Therefore, RAN4 also needs to consider the muting scheme in system level simulation to derive reasonable interference level for CSI-RS. The detailed muting scheme can be further discussed in RAN4. In our understanding, if scenario 2a with dense small cells deployment, i.e., 10 cells per cluster, number of CSI-RS resources is sufficient to achieve interference free for configured CSI-RS in one cluster. i.e., all TPs within one cluster are muted. 
For CSI-RS based TP identification, the representation of TP identification and network assistance information are still discussed in RAN1. Besides the interference level, the delay performance of CSI-RS based TP identification also depends on definition of TP identification representation and availability of assistance information. In our understanding, the signaling of candidate configuration information of CSI-RS, e.g., scrambling ID,  is more beneficial to relax UE effort to decode CSI-RS for VCID and other TP identification information comparing with blind CSI-RS decoding.  The detailed candidate configuration information can be decided further in RAN1 based on RAN4 complexity study. 
For the CSI-RS based RSRP measurement period, it was not concluded whether CSI-RS can achieve same performance requirement as CRS based RSRP in Rel-11 CoMP discussion even considering extending measurement period. In our understanding, based on Rel-11 CoMP study, CSI-RS density in both time and frequency domain should be considered to improve the delay requirement assuming similar accuracy requirements as CRS based RSRP measurement. 
Therefore, for type 2 detection: 
Proposal 4: For DRS based RSRP with associated Cell/TP identification, 
· UE will identify/verify Cell/TP identification and report RSRP based CSI-RS if CSI-RS is configured. 
· Interference level of detected cells in small scenario needs to be derived as input for link level simulation. Scenario 2a with dense deployment of small scenarios can be used. Muting scheme, e.g., all TPs within one cluster are muted, should be considered in system level simulation. 

· Complexity study for CSI-RS based TP identification is needed. Based on RAN4 complexity study and RAN1 decision, network assistance signaling of candidate configuration information of CSI-RS should be considered in link level study. 

· Increased measurement bandwidth, e.g., 25RBs, and multiple CSI-RS configurations for one RSRP measurement should be considered in link level study. 

3 Conclusion
In this paper, we provide our consideration for DRS based general RRM requirement including cell detection and RSRP measurement accuracy. 
Proposal 1: RAN4 shall first focus on defining DRS based cell detection requirements and measurements accuracy requirements regardless the on/off states of associated cells first and then discuss the applicable scope of DRS based requirements after RAN1 finish the design of ON/OFF feature.  
Proposal 2: Defining DRS based cell detection requirements and measurement accuracy requirements for intra-frequency, inter-frequency and component carriers with activated/deactivated serving cells in RRC_CONNECTED state. 
Also, it was further suggested that two types of detection requirements should be considered in RAN4: 

P Proposal 3: For DRS based RSRP with associated PCID requirement, 
· UE will identify/verify PCID based on PSS/SSS/CRS and report RSRP based on CRS.
· 40ms periodicity, 5ms duration and 6RB measurement bandwidth can be considered as baseline to define the PSS/SSS/CRS based cell detection requirements. Other options are not precluded in link level simulation study.

· Interference level of detected cells in small scenario needs to be derived as input for link level simulation. Scenario 2a with dense deployment of small scenarios can be used as baseline. 

· No candidate cell list and SS-IC is considered in link level study unless large bias of delay performance is observed. 

Proposal 4: For DRS based RSRP with associated Cell/TP identification, 
· UE will identify/verify Cell/TP identification and report RSRP based CSI-RS if CSI-RS is configured. 
· Interference level of detected cells in small scenario needs to be derived as input for link level simulation. Scenario 2a with dense deployment of small scenarios can be used. Muting scheme, e.g., all TPs within one cluster are muted, should be considered in system level simulation. 

· Complexity study for CSI-RS based TP identification is needed. Based on RAN4 complexity study and RAN1 decision, network assistance signaling of candidate configuration information of CSI-RS should be considered in link level study. 

· Increased measurement bandwidth, e.g., 25RBs, and multiple CSI-RS configurations for one RSRP measurement should be considered in link level study. 
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