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1 Introduction
In the last meeting, it was concluded that performance of DRS candidate designs should be evaluated for single shot cell detection performance and single shot RSRP measurement performance:
Conclusions:

· Companies are encouraged to evaluate followings until the next RAN1 meeting:

· RRM measurement performance for DRS:

· Single shot cell detection performance

· Single shot RSRP measurement performance

· Candidate DRS structures with one or two CRS port(s):

· Rel-12 DRS for FDD

· 4 OFDM symbols: CRS/SSS/PSS/CRS (e.g. in symbols 4/5/6/7)

· Also study the above cases when:

· PSS and SSS are repeated in frequency domain
· PAPR should be evaluated

· PSS and SSS are repeated in time domain
· Only SSS is repeated in time domain in the DRS subframe

· The minimum transmission bandwidth is 5 MHz
· This does not preclude measurement on 6 PRBs
· The transmission periodicity is the same as Rel-12 DRS
· Note that other DRS structures are not precluded
In this contribution, we present our DRS performance evaluation results and draw some conclusions on our preferred LAA DRS design.
2 DRS performance evaluation
2.1 DRS cell identification delay
RAN4 determined that the cell identification delay based on Rel-12 DRS should be 12 DRS occasions (including 4 as margin) assuming DRS duration of 1ms and SINR side condition of -6dB [1]. If the SINR side condition is the same for LAA cell identification, it implies that PSS/SSS would need to be repeated (e.g. up to 12 times in frequency/time-domain/both). 

However, since LAA represents quite a different operating environment, it is worth to revisit if the SINR side condition of -6dB is still an appropriate assumption. In Rel-12 SCE, the criterion for deriving the SINR side condition is typically the 5%-ile SINR of third strongest cells within a RSRP gap of e.g. 6dB of the strongest cell. However, unlike Rel-12 SCE, an LAA cell can only be configured as an SCell and mobility (handover support) is not a relevant issue. Hence, detecting weak LAA cells does not seem to be an important design target for LAA DRS. It is natural that the strongest cell should be configured as the serving cell for LAA and the role of DRS for LAA is primarily to assist the network to identify the strongest cell for the UE and to assist the UE in maintaining coarse synchronization with the serving cell. 
Moreover, as agreed in the last RAN1 meeting, there can be multiple DRS transmission opportunities within a DMTC window. Using this new feature for LAA, the network can mitigate interference seen by DRS in dense deployment scenarios by attempting DRS transmissions for adjacent cells at different times within the same DMTC.

To investigate the DRS SINR CDF of the strongest cell, simulation is performed for indoor deployment scenario of 4 LAA cells coexisting with 4 WiFi APs (DL+UL, high load) for the following DRS transmission strategy:

1. DRS timing positions within DMTC are aligned for all LAA cells

2. Offset is introduced between the first DRS timing positions of two adjacent cells (Example: assuming cell 1 to 4 are arranged in linear array with the overlapping DMTC windows, cell 1 and 3 are configured to attempt DRS transmissions from the time A, whereas cell 2 and 4 are configured to attempt DRS transmissions from the time B)

Note that in both cases above, the DMTC windows of all cells are assumed aligned. The DRS SINR CDF is shown in Figure 1. It is observed that a simple network planning strategy can improve the DRS SINR of the strongest cell significantly. In addition, it is observed that the 5%-ile SINR is about 0dB.
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Figure 1: DRS SINR CDF of the strongest cell
Based on the above analysis, we propose that the feasibility of one-shot detection based on Rel-12 DRS structure should be based on higher SINR side condition than that for Rel-12 SCE (such as 0dB).
Observation: The feasibility of one-shot cell detection based on Rel-12 DRS structure should be based on higher SINR side condition than that for Rel-12 SCE (such as 0dB). 
2.2 DRS RRM performance
RRM measurement accuracy strongly depends on number of samples within measurement period, SNR condition and measurement bandwidths. In Rel-12 SCE, assuming measurement bandwidth of 5MHz, RAN4 determined that 3 DRS measurement subframes are needed to achieve similar RRM performance requirement as that for Rel-8 based on SINR side condition of -6dB. 

Nevertheless, Table 1 below summarizes the number of measurement subframes (N) needed to achieve similar performance as Rel.8 (i.e. 90% absolute RSRP accuracy within 2.5dB without impairment margin) across all the fading channels under different channel bandwidths according to our evaluation. We observe that under SNR -6 dB N =5,2,1,1 DRS measurement subframes are needed for measurement BW 6RB,15RB,25RB, 50RB separately. Therefore, we conclude that Rel-12 DRS design can support one-shot RRM measurement based on measurement bandwidth of 25RB (5MHz) and SINR side condition of -6dB. Similarly as for the cell detection issue, higher SINR side condition can also be considered.
Another observation from Table 1 is that one shot detection cannot be achieved under EPA5Hz channel with 15RB of measurement samples. 15 RBs contains about 60% of the measurement samples of 25 RBs; it follows that a DRS design that is based on 4 OFDM symbols (CRS/SSS/PSS/CRS (e.g. in symbols 4/5/6/7)) would not be able to support one-shot RRM measurement since the number of measurement samples is only half of that for Rel-12 DRS design.
Table 1: Number of DRS measurement subframes needed to achieve similar performance as Rel.8 

	Channel
	AWGN
	EPA5Hz
	ETU30Hz
	AWGN
	EPA5Hz
	ETU30Hz

	SNR[dB]
-6

	6RB
	15RB

	
	5
	2
	3
	1
	2
	1

	
	25RB
	50RB

	
	1
	1
	1
	1
	1
	1


Observations: 
· Assuming 5MHz measurement bandwidth, Rel-12 DRS design can support one-shot RRM measurement with similar performance as Rel-8.
· Assuming 5MHz measurement bandwidth, DRS design that is based on 4 OFDM symbols (CRS/SSS/PSS/CRS (e.g. in symbols 4/5/6/7)) cannot support one-shot RRM measurement with similar performance as Rel-8.

Our proposals for DRS design can be found in our companion paper [2].

3 Conclusions
In this contribution, we presented DRS performance evaluation results. Our observations are given below.
Observations: 
· The feasibility of one-shot cell detection based on Rel-12 DRS structure should be based on higher SINR side condition than that for Rel-12 SCE such as 0dB
· Assuming 5MHz measurement bandwidth, Rel-12 DRS design can support one-shot RRM measurement with similar performance as Rel-8.

· Assuming 5MHz measurement bandwidth, DRS design that is based on 4 OFDM symbols (CRS/SSS/PSS/CRS (e.g. in symbols 4/5/6/7)) cannot support one-shot RRM measurement with similar performance as Rel-8.
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