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1 Introduction
In RAN1#76bis meeting, some agreements are made on discovery signal designs, which are captured as follows:
	Agreements:

· A DRS comprises following signals
· Both PSS and SSS are transmitted

· Additional reference signal(s) include CRS and/or CSI-RS
· FFS: Changing mapping of PSS/SSS, CRS, CSI-RS

Agreements:

· 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
Agreements:

· Rel. 12 discovery signal should identify transmission point

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



In this contribution, we discuss how to down-select the discovery signal candidates based on the functions associated with discovery reference signals, also considering share/non-shared cell-ID scenario assumptions.

2 Discovery signal design
It is agreed in RAN1#76bis meeting that a DRS comprises at least PSS/SSS, and additional reference signal candidates are CRS and CSI-RS. Decision on whether to further include CRS and/or CSI-RS in a DRS burst should be made based on functionalities per RS as well as considerations of share/non-shared cell-ID scenarios, which have been already well identified as practical deployment scenarios of importance. About possible functions of CRS and CSI-RS, the following was captured as observations in RAN1#76bis Chairman’s notes:
· When only CRS is present

· Possible functions of CRS: RSRP/RSRQ measurements, carry cell identification information, can carry TP identification information only in case of non-shared cell ID scenario, CSI feedback (potentially for new L1 procedure)

· Open issue: TP identification in case of shared cell ID scenario
· When CRS and CSI-RS are present:

· Possible functions of CRS: RSRP/RSRQ measurements, carry cell identification information, can carry TP identification only in case of non-shared cell ID scenario, CSI feedback (potentially for new L1 procedure)
· Possible functions of CSI-RS: RSRP/RSRQ measurements, can carry cell identification information, can carry TP identification information in shared/non-shared cell ID scenario, CSI feedback (potentially for new L1 procedure)

· Open issues:

· possible function split
· Note: It means that the same function is not supported by both CRS and CSI-RS for the same UE
· TP identification in case of shared cell ID scenario by CRS

· When only CSI-RS is present

· Possible functions of CSI-RS: RSRP/RSRQ measurements, can carry cell identification information, can carry TP identification information in shared/non-shared cell ID scenario, CSI feedback (potentially for new L1 procedure)
· Open issue: 

· whether/how to perform RSRP/RSRQ measurement per cell and per TP simultaneously

· For RSRP/RSRQ measurements, CSI-RS and CRS have different performance
· Note: There is at least one function per RS
As seen in the above observations, only CRS is not a favourable option since the CRS cannot be used for TP identification in the shared cell ID scenario. On the other hand, CSI-RS can be used for TP identification in both of shared/non-shared cell ID scenarios. Therefore, in our view, at least for TP identification in a shared cell ID scenario, CSI-RS should be included in the DRS burst.
Proposal 1. In addition to PSS/SSS, at least CSI-RS should be included in DRS burst in order to support shared cell ID scenario. 

Regarding TP identification by CSI-RS, it should be also decided whether implicit mapping between TPID (scrambling ID) and REs is sufficient, or explicit mapping between them needs to be signalled. Here, the explicit mapping means an explicit DRS configuration should be signalled to a UE, which includes exact information of mapping between CSI-RS RE locations and a TPID. Although such explicit mapping information may provide more flexibility to the network implementation on TPID assignments and cell planning, there is a clear drawback that the UE has to rely only on the configured mapping information so that the UE may not perform any blind detection of TPs which was not included in the DRS configuration with relevant mapping information between TPID and REs. Moreover, since the explicit mapping primarily requires UE location (e.g., which cluster it belongs to), it may be difficult to properly configure the mapping information if the UE location is not clearly known to the network. If multiple explicit mapping is configured to cope with such uncertainty of UE location, UE complexity would then increase due to the increased blind detection candidates. Therefore, implicit mapping is preferred and seems sufficient with a predefined mapping pattern between TPID and REs, e.g., TPID is obtained by the detected PCID plus RE index w.r.t. (k’, l’) in [1], which greatly simplifies needed DRS configurations and enables UE’s blind detection of TPs based on a detected PCID by at least PSS/SSS.
Proposal 2. Implicit mapping between TPID (scrambling ID) and REs for DRS-CSI-RS is sufficient. If explicit signaling is considered, it should work without knowledge on the UE location (e.g., which cluster it belongs to). 
Overall, our view on the down-selection of discovery signal candidates should include Alt. 3b, i.e., DRS is PSS/SSS/CSI-RS, which has the minimum impact on specification work with supporting both of shared and non-shared cell ID scenarios. Here, the exact mapping of PSS/SSS should be further defined based on the corresponding performance aspects [2], to address the above FFS point on changing mapping of PSS/SSS, CRS, and CSI-RS.
It has been shown that the cell detection performance may not be satisfactory, when relying only on PSS/SSS without any enhancement. In order to enhance the performance of PSS/SSS, PSS/SSS muting (TDM/FDM) needs to be considered based on cell-ID or via coordination. In FDD, TDM via using different subframes can be easily considered where for example different subframe of transmitting PSS/SSS is used between different clusters. Furthermore, PSS/SSS muting via OFDM symbol shift (or TDM within a subframe) may be a feasible solution where for example there can be three candidates of OFDM symbol indices for FDD, i.e., (5,6), (9,10), (12,13). In TDD, however, utilizing different subframes for TDD is not easy due to the lack of normal subframes other than subframe #0 and #5 in all DL/UL configurations. For TDD, TDM within a subframe can be still considered. If the same symbol gap between existing PSS and SSS is used, three candidates such as (3,6), (6,9), (9,12) may be considered which implies the SSS of a cell can be overlapped with the PSS of another cell on OFDM symbol index 6 or 9, by avoiding an overlapping between PSS and PSS (or SSS and SSS) among cells which is even worse. In case of using such a same symbol gap, however, confusions on legacy UEs as well as advanced UEs can exist in that additional blind detections on measurement RS may be necessary if other RS is used for the measurement. It may also lead misdetection of subframe boundary or frame boundary for a legacy UE.

One way to avoid this possible confusion, switching the symbol location between PSS and SSS (i.e., changing relative gap between PSS and SSS from -1 to +1) can be considered, e.g., DRS-PSS on symbol 5 and DRS-SSS on symbol 6 for FDD (while existing legacy SSS and PSS may be respectively detected on symbol 5 and 6, which avoids a potential false alarm on detecting either legacy PSS/SSS or DRS-PSS/SSS), although changing the relative gap between PSS and SSS requires more blind detections for advanced UEs.

Changing the location for both PSS and SSS can be challenging while minimizing the impact on the legacy UE such as avoiding collision with CRS and CSI-RS. Thus, we can further consider changing only one SS’s location such as SSS or PSS. For example, it is possible to use the same location for PSS but to change the location of SSS depending on the ID used for PSS, which provides better orthogonality for SSS with keeping the same performance for PSS (such as OFDM symbol 3 in first slot for SSS with PSS_ID = 0, 9 in second slot for SSS with PSS_ID = 1, and so on). The benefit of this approach is to allow better orthogonality in PSS/SSS while minimizing the impact on other existing signals. In our companion contribution [3], we have evaluated this option and observed that this option considerably enhances the detection performance.

Proposal 3. Down-selection of discovery signal candidates should include Alt. 3b, i.e., DRS is PSS/SSS/CSI-RS, which has the minimum impact on specification work with supporting both of shared and non-shared cell ID scenarios.

Proposal 4. In order to enhance the cell detection performance, changing the location of SSS with PDSCH muting should be considered for discovery signals.

In summary, functionalities and consideration points per DRS candidate are shown in Table 1, where we considered PSS/SSS and CSI-RS.
Table 1. Summary of functionalities and consideration points per DRS candidate.
	PSS/SSS
	CSI-RS

	Initial synchronization,

Cell identification,

Changing the location of SSS with muting needs to be supported.
	Cell identification/verification (optional)
TP identification in shared/non-shared cell ID scenario,

RSRP/RSRQ measurements


3 Conclusions

This contribution discusses the down-selection of DRS candidates and consideration points for the design details. Based on the discussion, some proposals are given as follows. 
· Proposal 1. In addition to PSS/SSS, at least CSI-RS should be included in DRS burst in order to support shared cell ID scenario.

· Proposal 2. Implicit mapping between TPID (scrambling ID) and REs for DRS-CSI-RS is sufficient. If explicit signaling is considered, it should work without knowledge on the UE location (e.g., which cluster it belongs to).
· Proposal 3. Down-selection of discovery signal candidates should include Alt. 3b, i.e., DRS is PSS/SSS/CSI-RS, which has the minimum impact on specification work with supporting both of shared and non-shared cell ID scenarios.
· Proposal 4. In order to enhance the cell detection performance, changing the location of SSS with PDSCH muting should be considered for discovery signals.
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