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1 Introduction
In the RAN1 #76bis meetings, design options and functions for discovery reference signal (DRS) were discussed. The relevant agreements are summarized below [1]: 
· Further down select of following alternatives of DRS in RAN1 #77 meeting 

· Alt. 1: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CRS with configurable

· Alt. 3a: DRS is PSS/SSS/CRS

· Alt. 3b: DRS is PSS/SSS/CSI-RS

· Alt. 5: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CSI-RS with configurable 

Other DRS related agreements in the last two meetings are also listed as following [1][2]:

· Rel. 12 discovery signal should identify transmission point

· Rel. 12 discovery signal should facilitate small cell on/off

· In addition to purposes given by the WID, cell multiplexing capability, UE power efficiency, and impact to legacy UE’s measurement can be considered when discussing candidate solutions

In this contribution, further discussion on DRS functions and options is provided, trying to narrow down the final DRS design. Other aspects related to DRS design and evaluations are discussed in the companion contributions [3]-[6]. 
2 DRS options and functions
Since PSS and SSS are always contained in the DRS, the comparison of CRS and CSI-RS would decide the final DRS design. In the following, we discuss different DRS options from the perspectives of different functions and other considered factors. 
Performance of RRM measurements [4]
According to [4], CSI-RS has better RRM measurement performance compared to CRS due to zero power CSI-RS configuration. CSI-RS still achieves better performance than the scheme with CRS IC. Note that CRS IC would bring large UE complexity. Furthermore, CRS IC in case of dense small cell deployment may not as efficient as that in eICIC scenarios, since more than one interfering source may exist in the former case. Moreover, CRS-based RRM measurements do not allow identifying more than one cell reliably (i.e. meeting the RRM measurement accuracy) in all operation scenarios, whereas CSI-RS does [4].
Observation 1: CSI-RS based DRS has better RRM measurement performance and allows identifying more cells compared to CRS-based DRS with CRS IC. CRS-based DRS with CRS IC allows identifying only one cell in most cases (i.e. while meeting the RRM requirements).
Cell/TP identification

In case of dense small cell deployment, small cells in one cluster deployed with the same cell ID would have benefit to keep good mobility performance and also reduce PDCCH and CRS interference. In this case, there is a need to identify TPs with the same cell ID in the cell cluster. Currently, the CRS frequency shift is determined by cell ID, so it cannot be used to identify a TP in the shared cell ID scenario. Alternatively, multiple CSI-RS patterns and different OCCs can be used to identify different TPs with the same cell ID. 
Observation 2: Both CRS and CSI-RS can identify a cell, and CSI-RS can additionally identify a TP in shared cell ID scenarios. 
Additional DRS functions if new L1 procedure is introduced

Besides the functions of RRM measurements and cell/TP identification, the DRS may carry other functions related to the new L1 procedure for dynamic cell on/off [7]-[9]. These additional functions of the DRS could be time and frequency tracking and CSI measurements, which are discussed below. Considering the possible additional functions for the new L1 procedure, alternatives based on configurable reference signals such as the above Alt. 1 and Alt. 5 may be more related to these aspects. 
· Time and frequency tracking

If a new L1 procedure for dynamic on/off is introduced in Rel-12, time and frequency tracking is required for a UE to receive the scheduling signaling at any moment, e.g., for subframe-level on/off [7]. If the PCell and SCell operating with on/off are synchronized to the level ensuring proper demodulation performance, then the UE may just reuse the PCell’s time and frequency synchronization for receiving transmissions on the SCell right after the SCell is turned ON. As discussed in [6], the new L1 procedure should first be supported in synchronized scenarios in CA.

In cases where the PCell and SCell are not synchronized to the level ensuring proper demodulation performance, then the SCell needs to transmit the CRS with short periodicity to meet the requirement of time and frequency tracking and the UE needs to obtain fine time and frequency synchronization on the SCell. For types of L1 dynamic on/off not targeting subframe-level on/off the CRS could just need to be transmitted once the cell is turned ON, while for subframe-level dynamic on/off the CRS would need to be transmitted even when the cell is turned OFF and in this case the CRS would be part of the DRS.
· CSI measurements

If a new L1 procedure for dynamic on/off is introduced in Rel-12, a small cell needs the CSI feedback to perform the scheduling more efficiently. In this case, a UE needs to perform CSI measurements with a shorter time scale than the RRM measurements. For example, eNB can configure CRS or CSI-RS as a part of the DRS for CSI measurements even when the cell is OFF. However, this would reduce the gain of long time scale OFF for interference reduction, energy saving, UE power saving, etc. 
Alternatively, in order to get long OFF periods, a UE could perform CSI measurements only after the cell is turned ON, which is similar to the case for cell activation and deactivation. Periodic CSI and aperiodic CSI measurements can both be used. The periodic CSI measurements can be pre-configured to save the delay of RRC signaling even if the UE would not perform the CSI measurements during the OFF state. Alternatively, aperiodic CSI measurements are triggered after the cell is ON. The delay for the eNB to obtain the periodic CSI depends on the periodicity of the RS for CSI measurements, and the delay for the eNB to obtain the aperiodic CSI is normally 5 subframes. If the small cell cannot wait for the delay, it can also perform conservative scheduling before the CSI is obtained. 
Observation 3: If a new L1 procedure is introduced for dynamic cell on/off:

· if the new L1 procedure requires the UE to perform time and frequency tracking on SCell and CSI measurements when the cell is OFF, then the DRS should support the functions of time and frequency tracking and CSI measurements.

· otherwise, if the new L1 procedure only requires the UE to perform time and frequency tracking on SCell and CSI measurements after the cell is ON, then the DRS does not need to support the functions of time and frequency tracking and CSI measurements.
Other considerations for the choice of the DRS
· Cell multiplexing capability
CRS only has six frequency shifts which limits the multiplexing capability. Moreover, if different frequency shifts are used for different small cells, CRS-to-PDSCH interference limits the potential benefits of PDSCH muting. Configuring different frequency shifts also reduces the benefits of implementing CRS IC. On the other hand, there are 20 CSI-RS patterns for 1-port CSI-RS configuration, and also different OCCs can be used to orthogonalize DRS from different small cells. Therefore, CSI-RS based DRS can achieve larger cell multiplexing capability than CRS-based DRS, which is an important factor in dense small cell deployments. 
· UE power efficiency

Considering CSI-RS has better performance for RRM measurements, less time (e.g. one-shot RRM measurements) is needed for CSI-RS based RRM measurements to achieve performance comparable to CRS-based RRM measurements. 
· Impact to legacy UEs

If PSS/SSS/CRS with bursty transmission is used for DRS, a legacy UE has the possibility to successfully detect the small cell in OFF state, and then the UE would perform some RRM measurements based on the intermittent CRS, which consumes more UE power and leads to even more serious effects if the eNB wrongly configures the small cell to the legacy UE. CSI-RS based DRS would not lead to such error cases, since even if the legacy UE may detect the PSS/SSS, it would get the random measurement results or it would not do the measurement if it performs the CRS blind detection. Furthermore, PDSCH muting for CSI-RS can be configured to enhance the performance for RRM measurements, and this is supported by Rel-10/11 legacy UEs in the form of ZP CSI-RS. If PDSCH muting for CRS is introduced in Rel-12 to enhance CRS based measurements, it will not be compatible with legacy UEs. 
Observation 4: CSI-RS based DRS can achieve better cell multiplexing capability and UE power efficiency, and also has no impact to legacy UEs. 
Enhancements of CSI-RS for DRS
Enhancements of CRS and CSI-RS have been considered so that the signal(s) can better suit the purposes of DRS. The enhancements include CRS-IC and PDSCH muting for CRS, and eCSI-RS (see [10] for CSI-RS).
eCSI-RS allows for full power signal transmission on overlapped time/frequency resources by small cells, while orthogonality of the eCSI-RS can be achieved by simply applying cyclic shifts in a synchronized system. A UE receives the combination of DRS bursts from every small cell in the cluster and applies simple operation to differentiate the eCSI-RS from each small cell. 
eCSI-RS outperforms legacy CSI-RS. In [10] it is shown that, eCSI-RS design could effectively (>0.99 detection probability) detect all of the candidate small cells (RSRP within 15dB of the strongest) within the cluster, and RSRP measurement based on eCSI-RS design could meet RAN4 RSRP accuracy requirement with large margin. In addition, eCSI-RS can improve time/frequency tracking and CSI measurement in the new L1 procedure due to its higher density than CSI-RS.
Based on the above analysis on different functions and also other considered factors, CSI-RS outperforms CRS except for fine time and frequency tracking that may be needed for a new L1 procedure, and the enhanced CSI-RS, called eCSI-RS, has even better performance than legacy CSI-RS. Therefore, Alt. 1 and Alt. 3a should be excluded for the DRS design. We can also conclude that the DRS should always contain PSS/SSS/CSI-RS, and it is FFS whether CRS can be configurable, which depends on the design for the new L1 procedure.  
Proposal: PSS/SSS/CSI-RS based DRS should be the baseline, eCSI-RS can be considered if the target number of detectable cells needs to be larger than 3. FFS whether to allow configuring CRS in addition to PSS/SSS/CSI-RS, and the associated UE behavior when both CRS and CSI-RS are present in the DRS. 
3 Conclusion
In this contribution, further information for DRS options and functions is discussed, trying to narrow down the final DRS design. Based on the analysis, the following proposal is made: 

Proposal: PSS/SSS/CSI-RS based DRS should be the baseline, eCSI-RS can be considered if the target number of detectable cells needs to be larger than 3. FFS whether to allow configuring CRS in addition to PSS/SSS/CSI-RS, and the associated UE behavior when both CRS and CSI-RS are present in the DRS.
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