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1. Introduction
RAN4 has carried out a detailed simulation campaign towards finalizing core and performance requirements for Rel-10 non-CA-based eICIC over the last few meetings. Link simulation results for RLM (Qout/Qin evaluation), RSRP/RSRQ accuracy and cell identification have been presented in addition to system simulation efforts towards identifying “typical” interference scenarios in marco/pico deployments. In this contribution, we summarize some of these results and discuss their implications to the ongoing specification effort in RAN4.
2. Cell identification delay
A large number of companies contributed simulation results [1-5] based on the agreed simulation assumptions in [7]. Some of the results indicate that a cell identification delay of <800 ms (at >90% detection rate) can be achieved at SCH SINR of -9 to -8 dB. At present (Rel-8/9), the SCH and CRS SINR minimum limit at which cell identification delay must be <800 ms (at >90% detection rate) is -6 dB. During Rel-8 timeframe, a similar simulation campaign was carried out (for example, see [9]) in RAN4 based on the assumptions in [8]. It was observed that, for AWGN, one could achieve a cell identification delay <800 ms (at >90% detection rate) at -8 dB or even -9 dB while it was observed that cell identification delays were quite large (> 1-2 s) at SCH SINR = -8 or -9 dB for slow fading channels such as EPA 5 Hz. Further, it was noted that there was some dependence of results on the PCID combinations used for target and interfering cells. At that time, many companies did not report the false detection rate associated with their cell identification delay results and many companies did not implement RSRP verification as a part of cell identification (this holds true even for some of the recent simulation results in the eICIC context, where only the P-SCH and S-SCH processing stages have been considered). It was understood in Rel-8 timeframe that some margin relative to the results presented would be necessary to account for false detection in some scenarios. In the end, SCH SINR of -6 dB was chosen for specifying the minimum requirements.
Comparing simulation assumptions from Rel-8 timeframe [8] to that for eICIC [7] reveals many similarities. First, all interfering cells are assumed to be fully loaded (100% PDCCH and PDSCH loading) in both cases. As a result, either the interfering cell SCH (synchronous) or the interfering cell PDSCH (asynchronous) impinge upon the target cell SCH. Second, only Rel-8 baseline receivers (i.e., with identical or nearly-identical time/frequency processing for P-SCH, S-SCH, RSRP, etc.) are assumed to be available for both cases. There is really no SINR advantage for P-SCH and S-SCH processing in the eICIC context [7] relative to Rel-8 [8] from the cell detector’s perspective as RAN4 has purposefully assumed that subframe shifting and other SCH SINR enhancements are not available in general (for keeping requirements common across TDD and FDD). In other words, configuring ABS patterns on the aggressor cell does not really provide an SINR advantage for SCH in general (although, it can provide an SINR advantage for CRS with PCID planning). This being the case, any gains reported in the eICIC simulations [1-5] relative to Rel-8 are primarily due to the fact that some UE implementations, even in Rel-8 timeframe, were designed to perform better than the minimum requirements specified in 36.133. However, it cannot be assumed that all Rel-8 implementations will significantly outperform Rel-8 minimum requirements. If eICIC cell identification requirements are much more stringent than Rel-8 requirements, significant and non-trivial re-design of the cell searcher module will have to be carried out. This would be a major deviation from the previous RAN4 agreement that eICIC baseline receiver must be assumed to be the same as a Rel-8/9 baseline receiver.
Some “typical” 5%-tile CRS SINR limits in macro/pico deployments with different pico-cell HO biases have been reported [10]. It was proposed by a few companies in the last meeting that pico-cell UE CRS Es/Iot = -4 dB would be typical. Even if RAN4 were to adopt this proposal, it is not necessary to specify cell identification requirements at SCH SINR = -9 dB to enable an operating point where the serving cell (e.g., pico) Es/Iot = -4 dB and aggressor cell (e.g., macro) CRS Es/Iot = 5 dB (e.g., unlike what was proposed in [1]). In Rel-8/9/10, different cells can use different power boosting or de-boosting levels (i.e., eNBs can set EPRE independently) for CRS, SCH, PDSCH, etc subject to the dynamic range constraints. Therefore, if range expansion is desired, one can simply de-boost macro-cell SCH (synchronous case) or PDSCH (asynchronous case), say, by 2 dB and power boost pico cell SCH by 1 dB so that a pico UE at (serving cell CRS Es/Iot = -4 dB, aggressor cell Es/Iot = 5 dB) geometry receives pico-cell SCH at an SINR approximately equal to -6 dB. Therefore, it does not appear that defining more stringent cell identification requirements by specifying detection performance at a lower SCH SINR (relative to Rel-8) is critical in Rel-10 eICIC. There is a separate Rel-11 WI, Further enhanced ICIC (E2ICIC), which includes the study of methods for improving SCH detection performance within its scope where RAN4/RAN1 can further study SCH interference cancellation and other approaches. In light of these considerations, we propose the following.

Proposal 1: The SCH SINR side conditions for cell identification (in TS 36.133 core requirements) for eICIC must be set to –(6 +X) dB, where X = 0 or X = 1 dB.

Proposal 2: If X = 0 dB in proposal 1 is chosen, no new tests are necessary for cell identification for Rel-10 eICIC.

3. RSRP/RSRQ accuracy
After extensive simulation effort, the core requirements for RSRP/RSRQ accuracy were technically endorsed in [11]. The target cell Es/Iot where some 90% confidence limits for RSRP/RSRQ must be satisfied has been set to -4 dB. The understanding has been that, new RSRP/RSRQ accuracy tests can be specified for Rel-10 eICIC where 

1. target cell CRS Es/Iot = -4 dB and aggressor cell Es/Iot = 5 dB, and
2. target cell and aggressor cell have non-colliding CRS.

However, in a RSRP/RSRQ accuracy test setup, the UE must first identify and connect to a target eNB before the accuracy of measurement reports can be verified. This means that, the signal levels for the target and aggressor cells in the test setup must ensure that the SCH SINR is greater than or equal to –(6+X) dB based on Proposal 1. Therefore, we have our next proposal below.

Proposal 3: In the test setup for RSRP/RSRQ accuracy testing, the SCH SINR side conditions must be consistent with the core requirements (e.g., Proposal 1) based on appropriate power boosting or de-boosting of SCH, CRS and PDSCH REs.

An important issue was brought up in the last meeting with regard to the impact of different measurement opportunities on relative RSRP accuracy. After lengthy discussions, it was agreed to capture the disagreement on this topic as an editor’s note in the 36.133 CR [11]:

Editor’s note: It is FFS how the accuracy requirements in Table 9.1.2.4-1 apply to the case when both serving cell and the measured cell cannot be measured in the same subframe.
When the UE is operating at a large pico-cell HO bias, the AGC set point can be different on two different measurement occasions that have different Io levels. This could potentially lead to a need for relaxing the limits specified for relative RSRP accuracy requirements in Table 9.1.2.3-1 of TS 36.133. The increased measurement uncertainty can in part be due to UE receiver calibration issues when there are no constraints on the measurement patterns configured for the serving cell and the measured cell. To simplify things, one can make the relative RSRP accuracy requirements applicable to the case when both the serving and the measured cells can be measured over at least one common subframe every radioframe:
Proposal 4 [Alt 1]: The accuracy requirements in Table 9.1.2.4-1 apply to the case when both serving cell and the measured cell can be measured in at least one common subframe once every radioframe.

Alternatively, additional side conditions on relative Io levels on the measurement subframes for the serving cell and the measured cell can be specified to ensure that potential calibration issues can be accommodated.

Proposal 4 [Alt 2]: If both serving cell and the measured cell cannot be measured in at least one common subframe once every radioframe, the accuracy requirements in Table 9.1.2.4-1 apply to the case when the serving cell and the measured cell satisfy the side condition abs(Io(serving cell measurement subframes) – Io(measured cell measurement subframes)) < TBD dB.
4. Discussion and Conclusions

In this contribution, a short analysis of the recent results in cell identification was provided. Also, the implications of the recent agreements on RSRP/RSRQ accuracy were also discussed. The following proposals were made:
Proposal 1: The SCH SINR side conditions for cell identification (in TS 36.133 core requirements) for eICIC must be set to –(6 +X) dB, where X = 0 or X = 1 dB.

Proposal 2: If X = 0 dB in proposal 1 is chosen, no new tests are necessary for cell identification for Rel-10 eICIC.

Proposal 3: In the test setup for RSRP/RSRQ accuracy testing, the SCH SINR side conditions must be consistent with the core requirements (e.g., Proposal 1) based on appropriate power boosting or de-boosting of SCH, CRS and PDSCH REs.

Proposal 4 [Alt 1]: The accuracy requirements in Table 9.1.2.4-1 apply to the case when both serving cell and the measured cell can be measured in at least one common subframe once every radioframe.

Proposal 4 [Alt 2]: If both serving cell and the measured cell cannot be measured in at least one common subframe once every radioframe, the accuracy requirements in Table 9.1.2.4-1 apply to the case when serving cell and the measured cell satisfy the condition abs(Io(serving cell measurement subframes) – Io(measured cell measurement subframes)) < TBD dB.
We propose that RAN4 consider these in the ongoing discussions.
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