3GPP TSG RAN WG1 Meeting #76
R1-140039
Prague, Czech Republic, February 10-14, 2014
Agenda Item:
7.2.4.2.2
Source:
Huawei, HiSilicon
Title:
Discovery design options
Document for:
Discussion/Decision
1 Introduction

In RAN Meeting #62, the work item proposal of small cell enhancement-physical layer aspects [1] was approved. The small cell discovery enhancement related item included in the WID is:
· Discovery procedure/signal(s) are needed
· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL. (Note that QCL is not always necessary or possible depending on the procedure.)
· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures
In this contribution, we discuss various design options for discovery enhancement supporting small cell on/off. The pros and cons for each option are analyzed and at the end our preferred option is provided.
2 DRS design framework 
In the legacy PSS/SSS/CRS scheme, cell identification is performed on PSS/SSS signals, and the RRM measurement is derived from CRS signal reception. To support small cell on/off operation, the UE needs to detect the small cell even if the cell is in OFF state. During the OFF state, the cell still transmits certain discovery reference signal (DRS). During the ON state, the cell at least transmits the PSS/SSS/CRS. Also important, it is beneficial for a UE to perform RRM measurements based on the DRS since significant system gain can be achieved if the RRM measurement can be performed and reported before the cell is turned on. The candidate DRS is chosen from one or several of the legacy signals, e.g., PSS, SSS, CRS and CSI-RS, with possibly different transmission duty cycles. Figure 1 shows one example framework to enhance discovery. 
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Figure 1. Framework for enhancement of discovery
To optimally place UE FFT window in receiving DRS burst, it is beneficial if UE can receive some reference signal for coarse synchronization. PSS serves this purpose very well: 

· PSS has only three possible sequences

· PSS has good auto and cross correlation

· PSS processing is already implemented in UE 

So in the DRS design it is desirable to transmit PSS in the DRS burst for coarse synchronization.

3 DRS design options
In the following sections, we analyze different candidate DRS in terms of functionalities, i.e. cell identification and RRM measurement, in addition to PSS in DRS burst for coarse synchronization. We can classify DRS into several design options accordingly. Table 1 lists the proposed DRS design options in which x ms/y ms mean the DRS burst is on for x ms with y ms periodicity. In the following sections, we provide analysis of the pros and cons for each listed DRS design options. 
Table 1. DRS design options
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3.1 Option DRS 1
The small cell in the OFF state basically transmits the legacy PSS/SSS/CRS but no other signals. The UE should derive its functionalities based on the received PSS/SSS for every 5ms and CRS for each downlink subframe: 
· Cell identification – PSS/SSS 

· RRM measurement - CRS
Since the legacy PSS/SSS/CRS are transmitted, the UE is able to reuse the legacy implementation which has benefits of minimum specification and implementation changes. Note that both narrowband (of central 6 PRBs) and wideband (of the whole system bandwidth) CRS-based RRM measurements can be considered. The obvious drawback is that a small cell not serving any UE may cause significant interference for the neighboring active small cells due to its PSS/SSS/CRS; leading to degraded system performance. This option is also not efficient from an energy consumption point of view since the small cell needs to wake up frequently or stay awake all the time. Another major issue is that the number of small cells which can be reliably detected by the UE is less than 3 even by applying the interference cancellation technique in the identification process as can be observed in the summary of simulation results from the SI [2]. It has been pointed out in [3] that for efficient small cell operations, a UE should be able to detect at least three small cells considering the aspects of load balancing, deploying potential various available techniques to improve spectrum efficiency under different backhaul assumptions, etc. Another issue arises when the legacy UE tries to perform cell identification for initial access or mobility in the small cell layer since it is possible that a strong DRS could block legacy UE from detecting other active cells. 
3.2 Option DRS 2
To overcome the energy consumption and significant interference issues, in the DRS 2 design option, PSS/SSS are transmitted for x ms every y ms and the CRS is turned off when the cell is in OFF state:

· Cell identification – PSS/SSS 

· RRM measurement – SSS
The design parameters x and y specify a DRS duty cycle and should be chosen to avoid frequent transmission while ensuring satisfactory cell detection and RRM measurement performance. Since the cell detection is still based on the PSS/SSS, it also suffers the disadvantage of insufficient number of reliably detected small cells (≤2). The RRM measurement should be derived from the SSS signal since CRS is unavailable to the UE during the OFF state. The RRM measurement performance using the SSS signal needs to be evaluated and checked with current RAN4 requirement with possible relaxations if needed. In SSS interference cancellation, channel estimation is normally obtained based on the CRS with both frequency and time domain filtering. However, in DRS 2 design, there is no CRS transmission from cells in OFF state, then UE has to relies on PSS to derive the channel estimation which is inferior to CRS-based since time domain filtering is no longer available and only the composite (SFN) channel among all cells with the same PSS can be estimated. The resulting in accuracy of channel estimation may compromise the gains of SSS interference cancellation. The cell identification for legacy UE is improved during the time period of DRS being off. But the actual cell identification time may be prolonged since the PSS/SSS transmitted in DRS burst could block or cause confusion for the legacy UE.  
3.3 Option DRS 3
DRS 3 is similar to DRS 2 except it transmits additional CRS in the DRS burst.
· Cell identification – PSS/SSS or CRS 

· RRM measurement – CRS
UE could rely on the wideband CRS for RRM measurement since it is available in limited time slot. Again the number of reliably detected small cells is less still than 3 as the detection is based on PSS/SSS or CRS. Similar to DRS 2, periodic burst of PSS/SSS/CRS for cell in OFF state will disturb the cell identification process of legacy UEs in the small cell layer.

3.4 Option DRS 4
DRS 4 is similar to DRS 2 except an additional CSI-RS is transmitted in the DRS burst.

· Cell identification – PSS/SSS or CSI-RS  

· RRM measurement – CSI-RS
In DRS 4, the UE has the option to perform cell detection based on the configured CSI-RS. The network should coordinate and orthogonalize the transmissions of the CSI-RS among the neighboring small cells by applying RE muting. As observed in the SI [2], the higher received SINR for CSI-RS helps the UE to improve its cell detection probability. The number of reliably detected small cells is expected to be greater than 2 which facilitate the efficient operation of small cells. The UE should also depend on CSI-RS for the RRM measurement and which was shown to be promising in the previous CSI-RS RSRP evaluation in the CoMP work item [4]. Compared with the simulation scenario setup in CoMP, RRM measurement for this option has the advantage of the availability of CSI-RS with larger bandwidth (1.4MHz bandwidth is assumed in CoMP RSRP evaluation) and much improved SINR resulting from high degree of CSI-RS orthogonalization, and the disadvantage of much longer periodicity. Thus its RRM measurement performance should be evaluated and checked with RAN4 requirement. Since PSS/SSS are transmitted in the DRS burst, the legacy UE cell identification issue still exists as with the previous options.  
3.5 Option DRS 5
DRS 5 is similar to DRS 3 except it does not transmit SSS in the DRS burst.

· Cell identification – CRS
· RRM measurement – CRS
SSS is not transmitted to avoid disturbing the legacy cell identification process since no valid Cell ID can be detected by the legacy UE. The CRS-based cell detection scheme still has the limitation of only less than 3 small cells being reliably detected. The RRM measurement can be performed on the wideband CRS signal. The CRS transmission in the DRS burst may generate significant interference. 
3.6 Option DRS 6
DRS 6 is similar to DRS 4 except it does not transmit SSS in the DRS burst.

· Cell identification –CSI-RS 

· RRM measurement – CSI-RS
Including the benefit of not transmitting SSS during the DRS burst, option DRS 6 has an additional advantage of an increased number of reliably detectable small cells (≥3) for CSI-RS based detection. A larger number of detectable cells is highly desirable for introducing design requirements that are scalable; that is, the requirements should still hold sufficiently for denser networks of small cells which may be deployed in the near future. As with DRS 4, the RRM measurement is based on the wideband CSI-RS signal.
3.7 Option DRS 7
DRS 7 introduces an enhanced CSI-RS (eCSI-RS) for discovery. 
· Cell identification – eCSI-RS 

· RRM measurement – eCSI-RS
Figure 2 shows the time and frequency resource allocation. DRS 7 is different from DRS 6 (which utilizes CSI-RS as discovery reference signal) in that it occupies the whole wideband and the cyclic shift is used to differentiate the received eCSI-RS among the coordinated small cells. As shown in Figure 2, two eCSI-RS transmissions (one port from one cell) can be multiplexed onto OFDM symbols 10 and 11 which overlap with CSI-RS so it is easy to do rate matching for legacy UE and RE muting between overlapped eCSI-RS burst from two different small cell clusters through ZP CSI-RS configuration.    
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Figure 2 DRS 7 resource allocation
Compared to the CSI-RS, eCIS-RS has much higher density along the frequency domain, which results in better detection performance, RRM measurement accuracy and finer time synchronization precision. Also the UE implementation complexity is reduced since processing several eCSI-RS can share one larger IFFT operation followed by channel estimation and RRM measurement within each cyclic shift. The number of cyclic shifts is a design parameter and can be configured by the network considering the deployment scenarios, e.g. 6 cyclic shifts to accommodate the maximum path delay and network synchronization errors to achieve satisfactory orthogonalization. Multiple eCSI-RS sequences can be multiplexed by applying different scrambling sequences if needed to increase the eCSI-RS capacity. The eCSI-RS scrambling sequence could be a new sequence design. While the other option to maximally utilize the CSI-RS sequence already stored in the UE is that every small cell in the cluster transmits CSI-RS with the same virtual cell ID onto OFDM symbol 9 and 10 (i.e. a total of 12 CSI-RS configurations occupy OFDM symbol 9 and 10) with proper phase ramping applied on the frequency domain sequence. The drawback of DRS 7 design is that it requires more standardization efforts.
3.8 Summary of the options
Based on the conclusions of the study item and the additional analysis provided in above sections, the preferred design is: PSS can be used to provide coarse synchronization, while cell identification and RRM measurements can be derived from CSI-RS or eCSI-RS. 
Proposal 1:

· One DRS burst consists two parts: 

· PSS: Coarse time/frequency synchronization

· CSI-RS/eCSI-RS: Cell identification and RRM measurement
4 Network assistance signaling for discovery
Based on the conclusions of the previous section, the DRS should rely on CSI-RS/eCSI-RS at least for cell identification and RRM measurements, and additionally relies on PSS for coarse synchronization. PSS is used to obtain coarse synchronization to the downlink signals transmitted within a cluster of coordinated small cell operating with on/off, thus PSS enables coarse synchronization to the CSI-RS/eCSI-RS part of the DRS, as defined for the UE by a quasi co-location assumption between the PSS antenna port and the CSI-RS/eCSI-RS antenna port(s).

Proposal 2: the PSS antenna port and the CSI-RS/eCSI-RS antenna port(s) are related by a quasi co-location assumption for time and frequency synchronization (average delay and Doppler shift). The accuracy of the QCL assumption is to be defined by RAN4.

It was also concluded in the study phase that network assistance is beneficial for improving the discovery performance and for reducing the UE detection complexity and power consumption. Given that the serving cell of a connected UE can obtain the coordination parameters of the small cells in the cluster operating with on/off, it is possible for the network to signal the entire configuration of DRS in the small cell cluster to the UE. Then the UE only needs to perform DRS detection for a list of candidate cells, including a known set of IDs and CSI-RS resources (including subframe information). Hence blind detection could be entirely avoided at the UE side.

Currently, one CSI-RS resource is defined by the number of CSI-RS ports, resourceConfig, subframeConfig, scrambling ID (Pc is not considered here since the UE would only need to take RSRP measurements on the DRS). Here we consider the configuration parameters that would be needed for the CSI-RS (option DRS 6) and eCSI-RS (option DRS 7):

· If existing CSI-RS are reused (option DRS 6), there is no need to define multiple antenna ports if that CSI-RS resource is not also used for CSI measurements. However, the number of resource elements occupied by the CSI-RS resource should guarantee to meet the RAN4 RRM requirements. Whether the number of REs of a CSI-RS resource of DRS needs to be signalled by network assistance or is pre-defined will need to be studied. RAN4 will need to consider the number of REs and the use of muting when defining the requirements for DRS-based cell discovery and RRM measurements. Exploiting OCC to separate the DRS from two cells is feasible, so OCC ID may also be part of the CSI-RS resource configuration (i.e. similar as signalling port 15 or 16).

· For an eCSI-RS resource (option DRS 7), subframeConfig and scrambling ID may be reused. Cyclic shift information needs to be added. ResourceConfig can be simplified to indicate the OFDM symbols in which the resource is located, unless it is pre-defined in a subframe. The number of CSI-RS ports can just be replaced by the OCC information. The number of REs occupied by the eCSI-RS resource is fixed and is expected to meet the RAN4 requirements since the proposed design occupies all REs in two OFDM symbols.
Proposal 3: network assistance for discovery is provided to the UE by signalling the configuration of the DRS of cells within a set of coordinated cells. 
· The assistance signalling consists of a candidate cell list. 
· For each cell, the signaling provides information about PSS ID, CSI-RS or eCSI-RS configuration information (number of resource elements (FFS for CSI-RS), resourceConfig, subframeConfig, scrambling ID, cyclic shift (for eCSI-RS), OCC ID), and quasi co-location information between PSS and CSI-RS/eCSI-RS with respect to average delay and Doppler shift.

5 Conclusion

In this contribution, we described several DRS design options. Considering the pros and cons of each design option, we propose:
Proposal 1:

· One DRS burst consists two parts: 

· PSS: Coarse time/frequency synchronization

· CSI-RS/eCSI-RS: Cell identification and RRM measurement
Proposal 2: 
· The PSS antenna port and the CSI-RS/eCSI-RS antenna port(s) are related by a quasi co-location assumption for time and frequency synchronization (average delay and Doppler shift). The accuracy of the QCL assumption is to be defined by RAN4.
Proposal 3: 
· Network assistance for discovery is provided to the UE by signalling the configuration of the DRS of cells within a set of coordinated cells. 
· The assistance signalling consists of a candidate cell list. 
· For each cell, the signaling provides information about PSS ID, CSI-RS or eCSI-RS configuration information (number of resource elements (FFS for CSI-RS), resourceConfig, subframeConfig, scrambling ID, cyclic shift (for eCSI-RS), OCC ID), and quasi co-location information between PSS and CSI-RS/eCSI-RS with respect to average delay and Doppler shift.
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