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1 Introduction
In RAN1#76 meeting, several agreements are made on physical layer aspects of small cell enhancements, where some of them related to discovery signal design considerations are captured as follows:
· In the enhanced cell discovery procedure, UE can assume multiple signals are transmitted

· UE can assume transmission of PSS (identical to the Rel-8 waveform) at least for coarse time synchronization

· Which other signal(s) the UE can assume are transmitted is FFS
· Possible candidates are one or more instances of SSS, CRS, CSI-RS, and PRS

· Which signals are useful for which purpose is FFS

· 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
· Rel-12 discovery procedure is configured only for RRC_CONNECTED UEs

· FFS: Network assistance is provided to UEs for performing enhanced cell discovery. The information provided includes at least timing related information of discovery signal(s)

· Network assistance related to at least timing associated with discovery measurement is provided to UEs for Rel-12 discovery procedure
· It does not mean that DRS-based measurement reporting based on autonomous UE detection is precluded 

· Accuracy of timing considered for network assistance will be defined by RAN4
· FFS: What is timing information associated with discovery measurement
· FFS: Other information provided

· Followings can be considered as candidate signals for each purpose

· For coarse time synchronization:

· Candidate signals are PSS, PSS/SSS, PRS

· For coarse frequency synchronization:

· Candidate signals are PSS, PSS/SSS, CRS, CSI-RS, PRS

· For cell/transmission point identification:

· Candidate signals are PSS/SSS, CRS, CSI-RS, PRS

· For RSRP measurement:

· Candidate signals are PSS/SSS, CRS, CSI-RS, PRS

· For received signal quality (RSRQ) measurement:

· FFS: Whether RSSI can be measured by symbols including discovery signals or symbols not including discovery signals
· For any of above purposes, Tx-side enhancement, e.g.,  muting and utilizing multiple instances, and/or Rx-side enhancement, e.g., interference cancellation, can be considered
· UE can utilize a combination of discovery signals for any of above purposes

· No new idle mode UE behavior in Rel-12 small cell enh. WI

· For intra-/inter-freq. RRM measurement, at least DRS-based RSRP measurements are supported
· For RRM measurements, support DRS-based RSRQ-like measurements

· Details are FFS

In this contribution, we further discuss discovery signal design choices and consideration points including synchronization assumptions, DRS transmission in ON-state, discovery signal design choices, and measurement issues.

2 Discovery signal design
2.1 Assumptions on synchronization
Synchronization assumptions need to be first discussed and clarified for designing the discovery signal. In RAN1#76 meeting, the following working assumption is made during the discussion on dual connectivity:
Working assumption:
· Dual connectivity should support the scenarios where UE can assume the maximum received timing difference from MeNB and SeNB is 31.3 + X micro sec

· Note: The value X is up to RAN4 decision on the potential requirements of synchronization accuracy between MeNB and SeNB

· Dual connectivity should support the scenarios where UE cannot assume any maximum timing difference from MeNB and SeNB
· SFN-level alignment across MeNB and SeNB is up to RAN2 decision

Considering this, it is also required to check and have a common understanding on synchronization assumption per scenario. For small cell scenario #1, up to 30us range would be feasible assuming 10km separation between macro and small cell when cells are synchronized where SFN alignment between macro and small cell may be assumed. 
For small cell scenario #2, it may be around a few micro-second among cells within a cluster if synchronization is assumed, whereas the synchronization error across clusters can be larger (e.g., up to 30us) if network listening based network synchronization using overlaid macro cell is used or using different clock sources (for which SFN alignment among small cells may also be assumed). On the other hand, SFN alignment between macro and small cells may not be assumed. In such a case, discovery procedure should work either without knowing the SFN of target cells or assuming that SFN of serving cell can be used as a reference. In a scenario where a UE cannot assume any maximum timing difference between the serving cell (such as MeNB) and a target cell (such as SeNB) in dual connectivity scenario, it is unclear how the network assistance regarding timing information can be applied. To transmit discovery signals rather infrequently aligned with the configured measurement timing (such as 6msec in every 80msec), the serving cell and target cell should coordinate the timing information of each other so that discovery signals are transmitted in UE’s configured measurement timing or a large measurement gap such as the discovery signal transmission interval should be configured to a UE. From a UE power consumption and performance perspective, configuring a large gap for the new discovery procedure is not desirable. Thus, for the advanced discovery procedure, it should be assumed that the serving cell and the target cell know timing information of each other and can configure measurement timing appropriately.
For small cell scenario #3, the synchronization assumption is similar to that of scenario #2. Overall, even if synchronization is assumed, synchronization error can be larger than normal CP length depending on synchronization mechanism.
Observation 1. Even with synchronized small cell assumptions, synchronization error can be larger than normal CP length depending on synchronization mechanisms. Synchronization assumption per small cell scenario needs to be checked and clarified. 

Proposal 1. For DRS design, it should be assumed that the serving cell and the target cell know timing information of each other and thus can configure measurement timing accordingly. 
2.2 DRS transmission in ON-state
In RAN1#76, it was agreed that discovery signal is used for RSRP and RSRQ like measurement. In order to allow intra-frequency and inter-frequency RRM measurement based on discovery signal regardless of cell’s ON/OFF-state, DRS should be transmitted in ON-state as well. For the perspective of implementation, however, the DRS transmission in ON-state may be overridden by the existing ON-state signal, e.g., PSS which can override a DRS-PSS (PSS used for discovery signal). Thus, discovery signal transmission should not impact on active data transmission significantly when a cell is ON-state.
In addition, impacts on legacy UEs should be considered in terms of designing DRS transmission such as periodicity and resource location. To enhance the cell detection performance and allow UE power efficient discovery procedure, improving orthogonality among discovery signals from multiple cells is considered. This may imply that a kind of muting (such as ZP-CSI-RS) is used. To minimize the impact on legacy UEs by introducing new signal and also muting resources, one way would be that the network does not schedule PDSCH on the resources used for the DRS transmission and muting. For example, in a subframe transmitting DRS, a legacy UE is not scheduled in center 6PRBs if DRS is transmitted over center 6PRB. Even for this approach relying on the network implementation, however, it is still required to transmit legacy CRS on CRS REs (at least in the PDCCH region even on an MBSFN subframe). Thus, candidate resource locations of DRS should allow transmitting CRS (if DRS does not contain CRS or uses different CRS) when the cell is ON-state.
Another approach is relying on configuring ZP-CSI-RS for legacy UEs if it supports ZP-CSI-RS configuration, where DRS transmission can occur on the configured ZP-CSI-RS around which PDSCH is rate matched for legacy UEs. Specifically, resources on the OFDM symbol index 2 and 3 in the second slot in normal CP can be considered for such DRS transmission, since this can be configured as ZP-CSI-RS to legacy UEs and there is no CRS REs on such resources.

Proposal 2. DRS should be transmitted in ON-state as well, in order to allow intra-frequency and inter-frequency RRM regardless of cell-state.
Proposal 3. Impact on legacy UEs should be considered in terms of designing DRS transmission such as periodicity and resource location.
2.3 Discovery signal design choices
Several design candidates for discovery signals are presented and discussed in RAN1#76 meeting. In this subsection we discuss each option and provide our view on design choices.
PSS/SSS only: Relying only on PSS/SSS without any enhancement is not desired since it has been shown that the performance may not be satisfactory. In order to enhance the performance of PSS/SSS, PSS/SSS muting (TDM/FDM) can 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 [1], we have evaluated in this option and observed that this option considerably enhances the detection performance.

Compared to other options, the option to utilize PSS/SSS offers the benefit from the implementation complexity perspective, as it can utilize current cell detection mechanism. Yet, this option should be designed with proper TX-side enhancement such as muting to improve the orthogonality.  We show that changing SSS location with muting improves the cell detection performance significantly, and thus the option of SSS TDM should be further considered. 

In terms of RX-side enhancement such as IC, PSS/SSS IC itself may require CRS for channel estimation so that PSS/SSS without CRS may not fully utilize IC technique. 
PSS/SSS/CRS: Compared to the option relying only on PSS/SSS, this option additionally considers CRS for measurement purpose so that the measurement accuracy can be much improved. In addition, the transmitting CRS can be used for cell ID verification/detection as well as IC. In this choice, techniques proposed for PSS/SSS can be applicable. Among potential solutions, in our view, SSS TDM (only TDM for DRS-SSS while keeping DRS-PSS same as exiting PSS (or vice versa)) can be further considered. 
PSS/SSS/CSI-RS: The above mentioned role of CRS can be replaced by CSI-RS considered for improving the measurement accuracy as well, especially with better orthogonality for CSI-RS compared to CRS. Similarly, only TDM for DRS-SSS while keeping DRS-PSS same as exiting PSS, or vice versa, can be accommodated. Cell detection and measurement using all three signals are applicable, so that performance enhancement by utilizing these signals is obtainable in exchange for increased UE complexity.
PSS/CRS or PSS/CSI-RS: This option is to exclude SSS for discovery signals, where cell detection and measurement are based on CRS or CSI-RS. Using CSI-RS instead of CRS will provide better orthogonality, but its frequency tracking performance may degrade the cell detection performance. Moreover, this increases UE complexity to implement new frequency tracking and cell detection algorithms. 
In summary, we consider two options viable. One option is to use PSS/SSS with muting with/without CRS and the other option is to use PSS/CSI-RS. In our companion contribution [1], we have analyzed the performance of two approaches in details. As analysed in our companion contribution [1], there are trade-offs among different options in terms of complexity and performance. PSS/CSI-RS offers comparable performance, yet, it adds UE complexity and may not work well in case the network is not tightly synchronized. Furthermore, even though CSI-RS offers good orthogonality, due to PSS, the combination of PSS/CSI-RS may not achieve the desired cell detection performance. Thus, to utilize PSS/CSI-RS, some enhancement on PSS should be also considered. In terms of PSS/SSS with muting, performing muting only on SSS significantly improves the cell detection performance compared to legacy PSS/SSS design and shows comparable measurement results. Yet, this option may require receiver-side enhancement such as IC to achieve the desired performance, and also results in more resources used for discovery signals compared to PSS/CSI-RS. As the choice may also depend on the required cell detection performance, we propose to further consider two options with clarifying the cell detection requirements.
Proposal 4. PSS/CSI-RS or PSS/SSS with SSS muting should be further considered for discovery signals. Clarification on the cell detection requirements for the further down-selection is needed.
2.4 Measurement issues
When DRS is used for measurement, it needs to be first discussed and clarified whether or not to allow measurements on both of DRS and legacy measurement RS in a same frequency per frequency. In other words, whether there are cells transmitting DRS while other cells are not transmitting DRS in a same frequency is allowed should be clarified as it may affect UE measurement complexity/requirement. If an advanced UE should measure both of DRS and legacy RS per frequency, not to increase UE complexity too much, it is still desirable to allow only one type measurement per measurement gap. This means that different measurement timings for DRS-based and legacy RS-based measurement may be necessary. Thus, network assistance may also include the frequency, the measurement RS type (or information to infer the type), along with timing information. Also, a UE may also need to report measurement RS type along with measurement result so that the network can distinguish each measurement value based on either DRS or legacy RS .  
Observation 2. Allowing only one measurement type per frequency used per measurement gap period is preferred in terms of UE complexity.

Proposal 5. When a UE detects/measures a cell based on either DRS or legacy RS, consider further reporting measurement RS type along with measurement report. 
For inter-frequency measurement based on DRS, the definition of RSSI needs to be discussed and clarified. Applying the existing definition based on CRS directly to DRS, the RSSI can be measured only on the DRS transmitting OFDM symbols, but this seems not appropriate when we consider muting in other cells on the DRS transmitting REs. In order to properly reflect the interference measured by RSSI, measuring over the entire OFDM symbols on the DRS detected subframe may be appropriate for the RSSI definition based on DRS. Other alternatives such as measuring RSSI on the non-DRS-transmitting symbols, or on only symbols containing CRS, in the DRS detected subframe can also be considered, which are needed to be discussed further.  We have evaluated a cell on/off scenario using different RSSI definitions. For the evaluations, we use the following two options assuming that DRS consists of CSI-RS with ZP-CSI-RS configuration for muting.

Option 1. RSSI measurement on OFDM symbols carrying DRS only

Opiton 2. RSSI measurement on all OFDM symbols 
The results are captured in Table 1 and the simulation assumptions are found in Appendix.
Table 1. User throughput results with different RSSI definitions
	
	Macro UE ratio
	Small cell UE ratio
	    UeRxTput
	  UeTput(5%)
	 UeTput(50%)
	 UeTput(95%)

	Cell on/off Option 1
	2%
	98%
	20585
	3612
	18433
	42553

	Cell on/off Option 2
	3%
	97%
	21023
	3883
	19139
	42553


The result shows that depending on the definition of RSSI, the cell association can be affected which leads different user throughput. Also, it is notable to see that the small cell UE ratio is extremely large (~98%) with either option. This is due to underestimated RSSI in small layer compared to macro layer where RSSI includes also interference from CRS regardless of data traffic. Thus, this should be considered when measurement report is configured using DRS with cell on/off as well as when a UE performs cell selection or compares measurement results.
Observation 3. Considering potential muting technique used for discovery signals, measuring RSSI on only OFDM symbols carrying DRS seems not desirable. 
Proposal 6. RSSI definition based on DRS needs to be discussed and clarified. Further investigate whether RSSI measurement on the entire OFDM symbol is sufficient or additional restriction is necessary. 
3 Conclusions

This contribution discusses discovery signal design choices and consideration points including synchronization assumptions, DRS transmission in ON-state, and measurement issues. Based on the discussion, some proposals are given as follows. 
· Proposal 1. For DRS design, it should be assumed that the serving cell and the target cell know timing information of each other and thus can configure measurement timing accordingly.

· Proposal 2. DRS should be transmitted in ON-state as well, in order to allow intra-frequency and inter-frequency RRM regardless of cell-state.
· Proposal 3. Impact on legacy UEs should be considered in terms of designing DRS transmission such as periodicity and resource location.
· Proposal 4. PSS/CSI-RS or PSS/SSS with SSS muting should be further considered for discovery signals. Clarification on the cell detection requirements for the further down-selection is needed.
· Proposal 5. When a UE detects/measures a cell based on either DRS or legacy RS, consider further reporting measurement RS type along with measurement report. 
· Proposal 6. RSSI definition based on DRS needs to be discussed and clarified. Further investigate whether RSSI measurement on the entire OFDM symbol is sufficient or additional restriction is necessary. 
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Appendix

A. SLS parameter assumption
	Parameters
	Assumptions

	Scenario
	Scenario #2a

	Number of macro site
	7

	System bandwidth per carrier
	10 MHz

	Total Small cell TX Power
	30 dBm

	Number of clusters per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Distance-dependent path loss
	ITU model as baseline.

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.

	Cell association
	RSRQ + bias with realistic buffer.

	Scheduling
	PF

	Traffic model
	FTP Model 1 as in TR 36.814

	Reference macro RU
	40%

	UE receiver
	MMSE-IRC

	Antenna configuration
	2Tx2Rx in DL, Cross-polarized

	Off-to-On transition time
	24msec

	On-to-Off transition time
	8msec


