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1
Introduction

3GPP RAN1 discussed small cell discovery signal under the work item of small cell enhancements-physical layer aspects, and the following agreements were achieved.

Agreements captured in LS from RAN1 (R1-142698): 
	Agreements:
· 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


Agreements captured in LS from RAN1 (R1-142733):
	Agreements:
· 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.


And some additional agreements in LS:
	Additional Agreements in RAN1
· 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


Based on the above agreements, we will discuss the potential impact on the RRM aspects.
2
Discussion
Since the single measurement gap pattern/process is configured for a UE to perform the inter-frequency measurement, DRS occasions should be coinciding with the measurement gaps of the existing gap patterns. Otherwise, the UE can’t find all the eligible OFF cells in the DTX frequency layer. In other words, the DRS occasions (periodicity and offset) of any DTX-capable frequency layer should follow the measurement gaps configured for a UE. 

Observation 1: DRS occasions in any DTX-capable frequency layer(s) to be measured should coincide with the measurement gaps configured for inter-frequency measurement. 

If the UEs are configured with different measurement gap configurations (different timing offset and/or gap patterns), DRS occasions have to be available for each gap configuration in order to ensure that any UE can find the target OFF cell(s). It implies that the densities of DRS occasions could be proportional to the number of the different measurement gap configurations in the network. Finally, the benefit of DRS could be diminished in case of a huge number of different gap configurations. Thus, there is a tradeoff between DRS overhead and flexibility of measurement gap configurations. 
As illustrated in Figure 1, the DRS occasions have to be increased to cover the measurement gaps for UEs in both group 1 and 2 with different gap pattern configurations.
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Figure 1 Illustration of DRS densities proportional to the number of gap configurations

Observation 2: There is a tradeoff between DRS overhead (DRS density) and the flexibility on the measurement gap configurations. 

If the DTX-capable frequency layers are configured with different DRS occasions (determined by DRS periodicity and timing offset), it may end up with the situation that DRS occasions from different layers may not be evenly distributed over all measurement gaps. It implies some prioritization for the specific measurement gaps on certain layer cell search. This will impose significant restriction on UE measurement and also cause huge impact on the RRM requirements. For example, the cell identification requirements which are scaled linearly according to the number of carriers currently have to be changed due to availability of DRS in each gap. The measurement period may also need to be changed. 

As illustrated in Figure 2, some gaps can be only used to measure F2 and F3 whereas the others can be only used to measure F1. 
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Figure 2 Illustration of gap allocations for inter-frequency measurements with DTX-capable layers

Thus, DRS configuration should be strictly restricted to one or two settings for the whole network. Alternatively, the number of DTX-capable layers should be limited.

Observation 3: Different DRS configurations for DTX-capable layers may lead to huge complexity on UE implementation and cause the big impact on RRM requirements.

Proposal 1: DRS configuration should be strictly restricted to one or two settings for the whole network. Alternatively, the number of DTX-capable layers can be limited.
In addition, in case the UE in the DTX-capable layers has to perform both intra and inter-frequency measurements, the measurement gaps may have to be shared between intra and inter-frequency measurements due to coincidence of own DRS occasions (for intra-frequency measurements) and measurement gaps (for inter-frequency measurements). This will also cause the big impact on the current RRM requirements where measurement gaps are assumed only for inter-frequency measurements. The inter-frequency cell identification requirement is only scaled by the number of inter-frequency carriers excluding the intra-frequency layer. Alternatively, more DRS occasions can be considered for intra-cell measurement out of the gaps. However, it will cause the high density or overhead for DRS transmissions. 
As illustrated in figure 3, some gaps have to be used to measure DRS in its own frequency layer (F1) and the remaining gaps can be used for inter-frequency measurements. In other words, DRS occasions will cause some restriction on the intra-frequency measurements in addition to the inter-frequency measurements.
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 Figure 3 Illustration of gap allocations for intra and inter-frequency measurements

Observation 4: For UE in DTX-capable layer(s), whether to share the measurement gaps to perform both intra and inter-frequency measurements will have an impact on RRM requirements.
3 
Conclusions

In this contribution we have discussed and given our view on impact of DRS on RRM. Our observation and conclusions are as follows:

Observation 1: DRS occasions in any DTX-capable frequency layer(s) to be measured should coincide with the measurement gaps configured for inter-frequency measurement. 

Observation 2: There is a tradeoff between DRS overhead (DRS density) and the flexibility on the measurement gap configurations. 

Observation 3: Different DRS configurations for DTX-capable layers may lead to huge complexity on UE implementation and cause the big impact on RRM requirements.

Observation 4: For UE in DTX-capable layer(s), whether to share the measurement gaps to perform both intra and inter-frequency measurements will have an impact on RRM requirements.
And proposal is give as such: 

Proposal 1: DRS configuration should be strictly restricted to one or two settings for the whole network. Alternatively, the number of DTX-capable layers can be limited.
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