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1 Introduction

In the previous RAN1 #76bis meeting, the following was agreed for DRS design:
· A DRS comprises following signals

· Both PSS and SSS are transmitted

· Additional reference signal(s) include CRS and/or CSI-RS
It was also agreed to further down select of following alternatives of DRS:

· 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

In this contribution, we summarize the evaluation results submitted during RAN1 #76bis meeting. In addition, we further compare the performance of CSI-RS and CRS via extensive evaluations. The results suggest that existing CRS-based RRM measurement shows degraded performance in dense small cell deployments and further enhancements are necessary.
2 Summary of RRM measurement accuracy of DRS
Besides PSS and SSS, it was agreed that a DRS further comprises of CRS and/or CSI-RS. According to current specifications, RRM measurements are based on CRS. However, in dense small cell deployments, the interference level on CRS REs may be too high to support reliable RRM measurements. On the other hand, CSI-RS based RRM measurements may benefit from the ICIC gain provided by ZP CSI-RS, therefore operating on a higher SINR level. This is confirmed by our evaluations shown in the appendix.
The results provided in [1]

 REF _Ref386194084 \r \h 
[2]

 REF _Ref386194087 \r \h 
[3] show that CSI-RS based RRM outperformed CRS based procedures despite the fact that the CSI-RS occupies only two REs per PRB pair. It was observed that the high interference on CRS RE affects the RRM measurement accuracy severely. Evaluations in [1]

 REF _Ref386194087 \r \h 
[3] further indicated that CSI-RS outperformed CRS even when CRS-IC is used.

Evaluations in [3] showed that CRS based RRM can fulfill the requirements. However, the simulations assumed PDSCH muting to reduce the interference level. Similar observations can be made from [3]. Although small cells in the ON state may stop scheduling downlink transmission in the subframe where DRS is transmitted to reduce the interference from PDSCH, it consumes more REs. On the other hand, it is feasible to mute only the REs corresponding to CRS transmitted in neighbor cells to achieve ICIC gain. However, it requires extensive standard effort.
Simulation results provided by [5] suggests that the CRS based RRM measurements outperforms CSI-RS. Yet it should be noted that only link level simulations were performed. The SINR level used for the simulation was manually set instead of explicit modelling using system level simulation. The SINR levels used for the evaluations of CRS and CSI-RS were set to be the same. As discussed in the appendix, CSI-RS based RRM should be operate in a much higher SINR level than CRS based procedures.
Observation1: Evaluations submitted in RAN1 #76bis suggest that, for dense small cell deployments, CSI-RS based RRM measurements outperforms CRS based RRM measurements even if CRS-IC is used.
3 Further evaluation of DRS

In this section, we further compare the performance of CSI-RS based and CRS based RRM measurements using system level and link level evaluations. More specifically, we compare the following cases:
· Case 1a: CRS based measurements with 100% small cells in ON state
· Case 1b: CRS based measurements with 50% small cells in ON state

· Case 1c: CRS based measurements with UE side IC of the strongest two interferers
· Case 2: CSI-RS based measurements with 100% small cells in ON state
3.1 Simulation setup
The simulations are carried out using the methodology described below.

Step 1: system level evaluation

From system level simulations we obtained the interference profile of each UE for further analysis. Scenario 2a is used for the evaluation. One cluster of small cells is placed within one macro cell. Each cluster contains ten small cells.

Only UEs associated to small cells are taken into account. For each UE, the ten strongest received powers from small cell transmissions are recorded. Signals received from other small cells are considered as noise.

Step 2: link level evaluation

In the link level simulation, each of the measured interference profile is fed into the simulator. The transmissions of the ten strongest cells are modeled explicitly. Then the RSRP measurement accuracy corresponding to the top three small cells are evaluated. 
Synchronous transmission of DRS from all cells was assumed, and a uniform distributed time offset of ±3 µs among small cells was modeled. Then we assume a UE tries to synchronize to each of the top three small cells individually. PSS of each small cell is used for time synchronization. After synchronization, we assume the residual synchronization error with the target cell is within [-16, +16] Ts.
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Figure 1. Modeling of frequency offsets
As shown in Figure 1, we assume macro cells are operate in carrier frequency of f1 and small cells are operate in carrier frequency f2. For each macro cell, a random frequency offset within [-0.05, 0.05] ppm is modeled, i.e. macro eNB transmits with a random frequency within f1+[-0.05, 0.05] ppm. Similarly, a pico eNB operates with a random frequency within f2+[-0.1, 0.1] ppm. The UE is assumed to be ideally synchronized to macro eNB, and consequently its operation frequency is within f1+[-0.05, 0.05] ppm. When the UE tries to perform small cell discovery on f2, ideally, it will add Δf =f2-f1 to its macro operation frequency. We further model an additional frequency error to Δf. The frequency error is randomly selected within [-0.1, 0.1] ppm. As a result, a UE’s operation frequency on pico layer is within f2+[-0.15, 0.15] ppm. Further frequency synchronization by exploiting PSS and SSS is not considered.
In the simulation, DRS is assumed to be transmitted either every 40 or 200 ms. One RRM measurement is obtained every 200 ms. Therefore, if the periodicity of DRS is 40 ms, five samples can be obtained within one measurement period. These five samples are averaged to obtain more accurate RRM measurements. The measurement bandwidth is set to 6 PRB. 
For Cases 1a-1c, CRS AP0 is used for RSRP measurements. 
For Cases 1a and 1b, small cells within the same cluster are assigned with consecutive ID numbers. Therefore different CRS frequency shifts are adopted for neighbor cells to reduce the interference. However, as only six CRS frequency offsets are available, CRS collisions within one cluster is unavoidable. For Case 1a, all small cells are transmitting PDSCH with full buffer traffic. For Case 1b, only half of the small cells are in ON state. It is envisioned that the reduced interference caused by PDSCH may benefit the accuracy of RSRP measurements. 
For Case 1c, IDs of small cells within the same cluster are chosen in such a manner that their CRS patterns collided. Therefore, UE side CRS-IC can be more effective. We assume an ideal SIC receiver, i.e. for the RRM measurement for the 2nd strongest cell, the interference from the 1st strongest cell can be ideally removed when CRS patterns of the 2nd cell and the 1st cell collide. For the 3rd strongest cell, the interferences from the 1st and 2nd strongest cell are ideally cancelled when their CRS patterns collide.

For Case 2, 20 CSI-RS configurations are configured in the network. Each configuration consists of two REs, i.e. CSI-RS configuration for 1 or 2 antenna ports. Each small cell transmits CSI-RS using one of the configurations via one antenna port. The configuration used is associated to cell ID, i.e. 
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In the simulation we first perform multiple drops of RSRP measurements for each UE and record delta-RSRP, i.e. the difference between the measured RSRP and the ideal RSRP, for each drop. Then we find the 5% and 95% CDF of the delta-RSRP for each UE. Afterwards, we repeat the procedure for all UEs whose interference profiles are collected from system level simulation. The final statistics are plotted in the figures below. As discussed in [1], if an implementation margin of 3.5 dB is assumed, the 5% and 95% CDF of the delta-RSRP should be within (2.5 dB to satisfy RAN4 requirements.
3.2 Evaluation results

In Figure 2, DRS is assumed to be transmitted in one subframe every 200 ms. Measurement bandwidth is 6 PRB. It can be seen that CSI-RS based RSRP provides the best performance. For the strongest cell, around 90% of the UEs can achieve acceptable accuracy of RSRP measurements. For the 2nd and the 3rd strongest cells, around 60% and 20% of the UEs can satisfy RAN4 requirements, respectively. Clearly, the result suggests ICIC gain is crucial to achieve reliable RRM in dense small cell deployments.

CRS based RRM measurement performs poorly in dense small cell deployments. Even for the strongest small cell, only around 5% of the UEs can achieve the required RSRP measurement accuracy. This suggests the interference from CRS and PDSCH transmitted in neighbor cells can be very high.

If half of the small cells are turned OFF, i.e. with only DRS transmission, then the interference from PDSCH can be reduced. Consequently, we observe a significant performance gain for CRS based RSRP measurements. Yet the performance is still far from satisfactory. For the 2nd and 3rd strongest small cells, almost none of the UEs can meet the requirements.

If CRS-IC is used, the performance of the 2nd and the 3rd small cells can be enhanced. But again, we observe the performance is much worse than that of CSI-RS based solutions.
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Figure 2. Comparison of CRS and CSI-RS based RSRP measurements (1 sample/200ms, 6PRB)
If the periodicity of DRS transmission is reduced to 40 ms, then a UE can perform and combine 5 measurements within 200 ms. The performances are captured in Figure 3. It is observed that the performance of all evaluated schemes can be significantly improved compared to Figure 2.

Again, CSI-RS based RRM shows the best performance. For the 1st and 2nd strongest small cells, 90% of the UE can meet the requirements. For the 3rd strongest small cell, around 80% of the UEs can meet the required accuracy. For CRS based RSRP measurements, if all small cells are in ON state, then only the strongest cell can be accurately measured. If half of the small cells are turned OFF, then the performance can be improved. Yet, only around 20% and 2% of the UEs can perform reliable RSRP measurements for the 2nd and 3rd strongest cells, respectively. CRS-IC can further improve the performance. However, we observe the performance is still poor for the 2nd and 3rd strongest small cells.
Since CSI-RS provides better performance than CRS, the following is proposed:

Proposal 1: Alt.3b (DRS is PSS/SSS/CSI-RS) should be selected for the design of DRS. Alt.5 (DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CSI-RS with configurability) may also be considered.
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Figure 3. Comparison of CRS and CSI-RS based RSRP measurements (5 sample/200ms, 6PRB)
4 Number of detectable cells
The simulation results summarized in the previous section should be interpreted in the context of small cell ON/OFF operation. In TR 36.872, the criteria used for semi-static on/off may be the traffic load increase/decrease, UE arrival/departure (i.e. UE-cell association), and packet call arrival/completion. In this section, we analyze these different operation scenarios from the perspective of the number of cells that a UE should be able to detect reliably in order to enable each type of operation.

Semi-static on/off scheme based on traffic load

· In this case, a turned-off small cell may be turned on if the traffic load in a neighbourhood of the cell (including the cell itself) increases to a certain level. Conversely, a turned-on small cell may be turned off if the traffic load in a neighbourhood of the cell decreases to a certain level

Observation: an eNB cannot practically turn off a cell if a UE still has traffic but no other candidate cell. Therefore, to support Semi-static on/off scheme based on traffic load, UEs should be able to reliably detect at least two cells transmitting DRS.

Semi-static on/off scheme based on UE-cell association

· In this case, a turned-on small cell may be turned off if there is no UE associated to it, and a turned-off small cell may be turned on if the network decides a UE to be associated to it. The UE-cell association may be decided by the network taking into account of UE measurements (e.g. mobility measurements) and load balancing/shifting considerations.

Observation: even though on/off based on mobility measurements is possible even if UEs have a single candidate cell, an eNB cannot practically perform load balancing/shifting to turn on/off cells if UEs have a single candidate cell. 

Semi-static on/off scheme based on packet call arrival/completion, with transition time modeled

· In this case, a turned-off small cell may be turned on if a packet call arrives and needs to be transmitted, and the cell may be turned off after the packet call is completed.
Observation: semi-static on/off scheme based on packet call arrival/completion can be applied even if UEs have a single candidate cell.

It is clear from the analysis above that in order to support all of the possible operation scenarios for small cell on/off, a UE should be able to detect at least two cells. In certain cases, detecting only one cell may be sufficient. In order to support all of the studied operation scenarios, the following is proposed:
Proposal 2: DRS-based RRM measurements should allow UEs to reliably detect more than one cell (i.e. meeting the RRM measurement requirements including side conditions) in all Rel-12 SCE scenarios.
5 Conclusions

This contribution provides further analysis of the possible enhancements to the efficient discovery of small cells. Since CSI-RS provides better performance than CRS, the following is proposed:
Proposal 1: Alt.3b (DRS is PSS/SSS/CSI-RS) should be selected for the design of DRS. Alt.5 (DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CSI-RS with configurability) may also be considered.
In order to support all of the studied operation scenarios, the following is proposed:

Proposal 2: DRS-based RRM measurements should allow UEs to reliably detect more than one cell (i.e. meeting the RRM measurement requirements including side conditions) in all Rel-12 SCE scenarios.
Appendix: Operating SINR for CRS and CSI-RS
We compare the operating SINR level for CRS and CSI-RS using system level evaluation. Scenario 2a is assumed for the evaluation. The operating SINR levels for CRS and CSI-RS of the top three small cells for each UE are recorded. Then we plot the CDF curves for all UEs in the network as shown in Figure 4. 

It can be seen that CSI-RS operate in a much higher SINR level than CRS due to ICIC gain provided by ZP CSI-RS. If all small cells are in ON state and transmitting PDSCH (full buffer traffic assumed), then CRS based RRM measurements are performed in low SINR levels, especially for the 2nd and 3rd strongest cells. If half of the small cells are turned OFF, i.e., only transmit DRS, then the SINR levels are improved significantly. Nevertheless, they are still much lower than those corresponding to CSI-RS. Even if all small cells are turned OFF, i.e. no interference from PDSCH at all, the operating SINR levels for CRS are still lower than CSI-RS. This is because only six frequency offsets can be used for CRS to avoid the collision among neighbor cells. While for CSI-RS, twenty orthogonal configurations can be exploited, significantly reducing the collision rate.
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Figure 4 Operating SINR for CRS and CSI-RS in dense small cell deployments
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