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1. Introduction

In RAN1#76bis, several agreements about the discovery reference signal (DRS) for small cell enhancement were made as follows [1]:
	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
Observations:
Possible functions of CRS and CSI-RS are as follows
· 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
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 provide our views on the possible functions of the PSS/SSS and on the proposed DRS design alternatives.
2. DRS functions distribution
2.1. Possible functions of PSS/SSS

In RAN1#76bis it was agreed to use PSS/SSS in conjunction with either or both of CRS and CSI-RS as the discovery signal.


Under Rel-11, the pair PSS/SSS serves a few functions:

· Provide a means for cell discovery.

· Carry cell identification information.

· Provide rough synchronization.


In RAN1#76bis it was not deemed appropriate for PSS/SSS to take on other roles, which are to be assigned to CRS and/or CSI-RS.

In previous discussions it has been argued that the discoverability of SCells is too low with any of the possible combinations of PSS/SSS/CRS/CSI-RS. It has been considered desirable to introduce some sort of variable mapping for at least the SSS to reduce interferences from neighbouring cells and improve the chances of an SCell being detected by the UEs. In addition, even though moving the PSS could create some synchronization issues with legacy UEs, moving the SSS could be beneficial to avoid situations in which a legacy UE would try to connect to an SCell in the 'off' state after detecting its discovery signal. These changes are worth studying, as they are intended to enhance the basic functionality of PSS/SSS.

However, in line with the agreements of RAN1#76bis, we understand that other functions such as RRM measurements, TP identification, or CSI feedback are better dealt with by CRS and/or CSI-RS, as PSS/SSS is not properly suited to support them.

Observation 1: possible functions of PSS/SSS are providing a means for cell discovery, carrying cell identification information, and providing rough synchronization.

· PSS/SSS is not suitable for the following functions: RRM measurements, TP identification, and CSI feedback.
3. Discussion
3.1. Analysis of the alternatives

In this section we analyze each of the proposed design alternatives.

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

In this alternative, CRS is always used as part of the DRS, and CSI-RS is optionally configurable by the operator.


However, CRS by itself is not capable of allowing identification of transmission points with a shared ID, i.e. transmission points in an SCell cluster. This use case is only expected to exist in very densely populated areas, in which a large amount of SCells is likely to be deployed. In these scenarios it may be preferable to group SCells covering a common area and assign them a unique PCID. The UEs would be capable of differentiating between transmission points through the DRS. In these scenarios CSI-RS must be configured for all SCells belonging to a cluster, as the large orthogonality between different CSI-RS configurations easily allows to differentiate between transmission points. Alternatively, an operator may prefer to assign a distinct cell ID to each SCell, in which case CRS would be enough to differentiate between transmission points, but operators should have the option to leverage either mode according to their needs.

When both signals are present a functional split needs to be defined.
· Alt. 3a: DRS is PSS/SSS/CRS 

As explained above, shared ID for SCell clusters is an efficient mechanism to extend the ID space of the SCells with minimum specification impact, avoiding complexity or possible issues related to the reuse of PCIDs in a serving cell. A discovery signal composed of PSS/SSS/CRS does not enable UEs to identify the different transmission points in an SCell cluster, and therefore it is not a complete solution for the DRS design.


Interference cancellation can be used for CRS in order to enhance the small cell discovery signal detection and measurement. Since the interference cancellation feature was specified in Rel-11, the specification effort may be low. However, considering a dense small cell scenario, interference cancellation may have to be performed for the small cells more often than what was assumed for the Rel-11 specification. Even if interference cancellation is truly applicable to this scenario, UE effort and power consumption may increase (without interference cancellation the UE power consumption is already higher than with CSI-RS).
· Alt. 3b: DRS is PSS/SSS/CSI-RS

Since CSI-RS muting can be applied through ZP CSI-RS, CSI-RS interference from other cells can be minimized to enhance the small cell discovery signal detection and measurement. Compared to other signals, the very high reuse factor of CSI-RS enables good performance of the small cell discovery signal detection and measurement under a dense small cell scenario. 

Compared to CRS with PDSCH muting, CSI-RS with muting gives slightly better results [2] and provides better resource utilization (as only a few REs are muted instead of the whole data region). 


Compared to CRS without PDSCH muting, CSI-RS with muting gives better performance, as CRS does not perform any compensation of the collision with other small cells in the same cluster, and CRS also suffers from worse frequency offset due to the relative abundance of CRS REs [2]. Interference cancellation could be used to reduce the impact of these problems, but it would require UEs to indulge in extra computations and power consumption.

In addition, PSS/SSS/CSI-RS is a complete solution, as it enables the shared ID scenario that is very important in dense scenarios.
· Alt. 5: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CSI-RS with configurable CRS

In this alternative, CSI-RS is always used as part of the DRS and CRS is optionally configurable by the operator (e.g. for better synchronization). In this case, however, the PSS/SSS/CSI-RS solution supports all functionalities expected from the DRS, and therefore the operators have more flexibility on when to configure CRS than with alternative 1.


When both signals are present a functional split needs to be defined.
3.2. DRS design

CSI-RS, apart from being a more accurate choice for RRM measurements, is also beneficial in that it enables TP identification in the shared cell ID scenario, which is not possible with CRS. The shared cell ID scenario is not necessary in all cells, but operators should be able to use it where considered beneficial.


For these reasons, we think that the DRS should be based on CSI-RS. 
Proposal 1: CSI-RS is always used as part of the DRS.
· FFS whether it is complemented by CRS or not, and under which circumstances this happens.
3.3. CSI-RS and CRS function split


As per the RAN1#76bis agreements, it is understood that the RRM measurements, TP identification, and CSI feedback functions can be fulfilled by CSI-RS or by CRS. However, some of the proposed DRS design alternatives contemplate the presence of both signals in the DRS. In that case each function should be assigned to the signal that is better suited to give it support:

· RRM measurements: CSI-RS. For the reasons explained above, CSI-RS should be used for RRM measurements.
· TP identification: CSI-RS. As explained above, the orthogonality between different CSI-RS configurations enables this feature in shared ID scenarios.
· CSI feedback: we don't see the need for DRS based CSI feedback. However, if RAN1 decides to specify it, it should be carefully considered how to measure the interference part in such a constrained burst.
· Synchronization: basic synchronization is provided by PSS/SSS, and even though that is enough for most situations, CRS can provide a more robust synchronization when needed.

As explained above, CSI-RS is more suitable than CRS for RRM measurement due to the possibility of configuring neighbouring cells with ZP CSI-RS. Therefore, RRM measurements should be performed through CSI-RS. Additionally, compared with CRS, CSI-RS only reference signal transmission brings reduced power consumption. 
Proposal 2: if CSI-RS and CRS are configured simultaneously RAN1 should decide for an optimal functional split.

· RRM measurement is performed through the CSI-RS.
· TP identification is performed through the CSI-RS.

· When needed, synchronization is complemented by CRS.
4. Conclusion


In this contribution we talk about the PSS/SSS possible functions and analyze each of the proposed DRS design alternatives.

We propose:
Observation 1: possible functions of PSS/SSS are providing a means for cell discovery, carrying cell identification information, and providing rough synchronization.

· PSS/SSS is not suitable for the following functions: RRM measurements, TP identification, and CSI feedback.
Proposal 1: CSI-RS is always used as part of the DRS.
· FFS whether it is complemented by CRS or not, and under which circumstances this happens. 
Proposal 2: if CSI-RS and CRS are configured simultaneously RAN1 should decide for an optimal functional split.

· RRM measurement is performed through the CSI-RS.
· TP identification is performed through the CSI-RS.

· When needed, synchronization is complemented by CRS.
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