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1 Introduction
In the contributions [1] and [2] we analyze different operational modes for small cell on/off and identify when small cell on/off gives gains and what properties are needed on the discovery signal to support small cell on/off. Based on these findings we discuss in this contribution the general design of the discovery signal and outline several different use cases for the discovery signal in general. Based on this we identify high level design constraints for the discovery signal. In [3] we outline more in detail how the discovery signal should be designed.
2 Discussion

We observe that based on the evaluations of small cell on/off in [1] and [2] the discovery signal needs to support the properties of RRM, RLM, QCL and coarse time/frequency synchronization in order to support small cell on/off operation. 
Observation

· The discovery signal should be used for RRM, RLM, QCL and coarse time/frequency synchronization

We have noticed during the discussions in RAN1 that several different properties of the discovery signal have been discussed and that it is sometimes unclear how this relates to small cell on/off operation. We further note that the TR [4] does not give a good overview on use cases for discovery signals and how this relates to small cell on/off and other operational scenarios. The current TR in [4] instead gives a list of different enhancement possibilities rather than identifying the use cases for it. Due to this we try here to have a discussion about several different use cases that are being discussed.

2.1 Configurable measurement time

The current small cell TR [4] has identified the need to provide network assistance to the UE on when the UE should perform measurements on the discovery signal. The motivation for this is two-fold. The first is to relieve the UE from searching in an excessively large window for the discovery signal. The second reason is to allow the network to turn off the CRS/PSS/SSS in subframes when they are not used for discovery. 
We note that this functionality has very much in common with the eICIC standardized restricted measurements sets from Rel-10. The restricted measurement indicates which subframes the UE should measure RLM, RSSI and CSI (based on CRS) [8]
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[9]. The restricted measurement pattern is 40 ms long for FDD. The subframe pattern size for TDD varies with the TDD configuration that is used and can be 20, 60 or 70 ms. It is further specified in [7] and [8] that the UE should only monitor RLM in subframes indicated as restricted measurement subframes. It is further given in [7] that the current set of performance requirements is only valid if minimum 1 subframe per radio frame is indicated as restricted measurement subframe. However, the current signaling provisions allow the network to indicate a single subframe in a larger timeframe than one radio frame, e.g. 40ms. This will in turn mean that new requirements are needed to be defined in RAN4 for a larger timeframe. The same restricted measurement subframe set is also valid for RSSI measurement where it is defined with the same limitations as for RLM. Further, the restricted measurement pattern is only supported for intra-frequency cell measurements, i.e. RSRQ. The restricted measurement subframe set is further only supported on Pcells.
Based on the above already standardized behavior, we note that the starting point from the discovery signal discussion should be the restricted measurement subframe set introduced in the Rel-10.
Proposal

· Enhancements related to DL discovery should start from restricted measurement subframe set as defined in Rel-10

In order to support efficient small cell on/off we note that the restricted measurement set needs to be extended with at least the following properties. The signaled pattern should be extended to also be applicable to RSRP measurements, since the UE cannot assume that the CRS/PSS/SSS is always present. To allow operations of small cell on/off on SCells, the restricted measurements subframes set should be introduced on secondary cells. If a cell is operating in small cell on/off, the UE cannot derive QCL or interpolate channels from any subframes that are not signaled as part of the restricted measurement subframe set. The ability of the UE to derive a coarse time and frequency synchronization based on the discovery signal needs to be limited towards the subframes that are part of the restricted measurement subframe set. The signaling defined for restricted measurements subframe set in Rel-10 is actually signaled separately per property that is measured, i.e. one pattern for RLM, one for RSSI and so forth. Given that for small cell on/off purposes all of these measurements need to be conducted at the same time a single pattern is sufficient. Furthermore, to allow operation in a scenario such as small cell scenario 2a, the restricted measurement subframes needs to be able to function in an inter-frequency scenario.
We observe that the eICIC restricted measurement subframe set pattern introduced in Rel-10 has been evolved in Rel-11 to also include the use of ABS together with CRS cancellation. It should be noted that in RAN4, the requirement is only defined for the case when ABS subframes are completely empty. Given this situation we believe that there is no connection between the discovery signal and use of ABS. Consequently, the work on discovery signal should not assume the use of ABS. 
Proposal

· In order to support efficient small cell on/off operation a new single restricted measurement subframe pattern is signalled that includes the current properties of the restricted measurement subframe set of RLM and RSSI and is extended to include the following aspects 
· UE shall perform RSRP measurements only in subframes in the restricted measurements subframe set.
· UE shall derive QCL properties and coarse time/frequency synchronization only from subframes in the restricted measurement subframe set.
· UE shall not assume presence of CRS in subframes that are not part of the restricted measurement subframe set for any purpose.

· Restricted subframe measurement pattern should be defined for SCells and PCells

· Restricted subframe measurement pattern is defined for inter and intra-frequency measurements

· Restricted measurement subframe pattern for discovery does not assume that ABS related to CRS interference cancellation introduced in FeICIC WI is used. 

We further note that the in the TR [4] there is no evaluation on the needed periodicity of the discovery signal. A basic question is then if the current periodicity of the restricted measurement subframe set is sufficient or not. This aspect should be studied further. The study could be done within the potential work item phase of small cell on/off with discovery.
We further note that it would be possible to enhance the performance in subframes which are not part of the restricted measurement subframe set by allowing demodulation based on DMRS without the presence of CRS on specific subframes. Whether or not to allow this type of operation is a topic that can be further studied within a potential work item phase of small cell on/off with discovery.

Proposal

· If small cell on/off is defined to be a work item the following aspects should be studied, and depending on the results of the study, be standardized

· Extend the period for restricted measurement subframes

· Allow DM-RS based demodulation without the presence of CRS in subframes not part of the restricted measurement subframes
2.2 Measurement time

It has been claimed in several contributions that the measurement of the discovery signal needs to be done within a short time period [5]
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[6], for example a single subframe or a single shot type of measurement. We note that one possible operation of the discovery signal is that the UE does a measurement on several different occasions on the discovery signal and then combines these measurements in a non-coherent manner. The benefit we identify with allowing the UE to do a single shot measurement on the discovery signal is that it requires less time for the UE to measure. The use case of minimizing the time for the UE to measure is in principle two-fold, the first being that it may reduce power consumption in the UE and the second being that the UE can report a measurement to the network quicker and by that reduce mobility issues. 

We note that there have not been any studies captured in the TR [4] regarding mobility issues when operating small cells and neither have there been any studies on a model for UE power consumption. Without an explicit study of this topic, RAN1 can only conclude that the impact of measurement time for RSRP/RSRQ in small cell deployments with respect to discovery signals needs to studied further.

Observation
· RAN1 has not identified the use cases and requirements for shortened RSRP/RSRQ intra and inter-frequency measurement time 
· The impact of the measurement time for RSRP/RSRQ in small cell deployments needs to be studied by evaluating mobility aspects
2.3 Support of operation at low SINR

Another aspect that has been discussed related to the discovery signal is the support of measurements and cell operation at low SINR [4]
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[5]
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[6], i.e. below the current RAN4 requirement levels. The motivation for this is that for very dense deployments, i.e. either in dense macro and small cell deployments on the same frequency or for a dense small cell layer, the SINR on the PSS/SSS and potentially the CRS may be very low. This is particularly true in a synchronized network deployment where the PSS/SSS collide across all cells due to the PSS/SSS being transmitted at the same location. The same is true also for CRS if the same CRS shift is applied on all cells. Scheduling of (E)PDCCH/PDSCH would however not see the same interference since all cells will not be operated at full load at the same time and consequently the SINR on (E)PDCCH/PDSCH can be much higher.

We note that there is no study on these aspects in the TR [4], where the performance of discovery signal for 10 small cells per cluster is evaluated. We note however that these aspects would be interesting to study as it may impact whether actually 10 small cell deployment can be used or not with sector aligned CRSs. To study this aspect further we show below CDFs for the SINR on both the synchronization signal and CRS assuming that all cells in small cell scenario 2a (30 dBm) and 2b (24dBm) use the same frequency shift. Further, we have assumed that the network can remove the 2 strongest interferers that are detected up to an SINR of 0, -2, -4, -6, -8, -10, -12, -14, -16, -18, -20 and -25 dB. The different colors in the plots correspond to the removal of interferers according to the previously listed values. 
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Figure 1: Removal of maximally 2 strongest interferers for scenario 2a and 2b.
Based on the CDF provided in Figure 1 we observe that the serving cell in all scenarios above meets the current requirement of – 6dB. It can further be observed that if the UE is able to detect interferers that are operating down to around -12 dB the performance can be enhanced for UEs operating at the lower SINR regions. The performance can be increased by the network using dynamic point blanking.
Proposals

· It should be further studied if it is beneficial to specify that the UE can report interfering points below the current requirement of -6dB 
2.4 Discovery signal not connected to the cell identity
If a new DL signal is decided to be defined for discovery, then it is a large step to take and it is therefore important to consider additional aspects to be supported other than small cell on/off. Such a topic that has previously been discussed within 3GPP is to allow RRM measurements to be disconnected from the cell identity. This allows enhanced CoMP deployments particularly in scenario 4, which currently lack the possibility to have RSRP from multiple points. 

Exactly how this would be defined needs to be further discussed, but in our view, a baseline should be that the UE performs an autonomous search for all possible discovery signal IDs within a time window signaled by the network. In addition to allow full use of DL CoMP point blanking it would be preferred that it would be possible to configure the UE in a mode where it reports back measurements for all the different candidate cells that it has located. 

Proposal

If a signal other than CRS/PSS/SSS is used for DL discovery, consider 

· to have a configurable ID on the signal 

· that the UE performs an autonomous search of identities within a signaled time window.
· that the UE can report to the serving eNB all the candidate discovery signals it has located
3 Conclusion
In this contribution we have discussed several aspects for the discovery signal design. Based on the discussion we make the following observation

· The discovery signal should be used for RRM, RLM, QCL and coarse time/frequency synchronization

· RAN1 has not identified the use cases and requirements for shortened RSRP/RSRQ intra and inter-frequency measurement time
· The impact of the measurement time for RSRP/RSRQ in small cell deployments needs to be studied by evaluating mobility aspects
Based on the observation and the discussion in the contribution we make the following proposals.

· Enhancements related to DL discovery should start from restricted measurement subframe set as defined in Rel-10

· In order to support efficient small cell on/off operation a new single restricted measurement subframe pattern is signalled that includes the current properties of the restricted measurement subframe set of RLM and RSSI and is extended to include the following aspects 
· UE shall perform RSRP measurements only in subframes in the restricted measurements subframe set.
· UE shall derive QCL properties and coarse time/frequency synchronization only from subframes in the restricted measurement subframe set.
· UE shall not assume presence of CRS in subframes that are not part of the restricted measurement subframe set for any purpose.

· Restricted subframe measurement pattern should be defined for SCells and PCells

· Restricted subframe measurement pattern is defined for inter and intra-frequency measurements

· Restricted measurement subframe pattern for discovery does not assume that ABS related to CRS interference cancellation introduced in FeICIC WI is used. 

· If small cell on/off is defined to be work item the following aspects should be studied, and depending on the results of the study, be standardized

· Extend the period for restricted measurement subframes

· Allow DM-RS based demodulation without the presence of CRS in subframes not part of the restricted measurement subframes
· If a signal other than CRS/PSS/SSS is used for DL discovery, consider 

· to have a configurable ID on the signal 

· that the UE performs an autonomous search of identities within a signaled time window.

· that the UE can report to the serving eNB all the candidate discovery signals it has located

· It should be further studied if it is beneficial to specify that the UE can report interfering points below the current requirement of -6dB 

· Reflect the above observations and conclusions in the TR 36.872
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