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1. Introduction
RAN4 has agreed to RLM requirements in the previous meetings [1][2]. As a pre-cursor to this, 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 delay have been presented. In this contribution, we highlight some aspects that must be considered before the RLM out-of-sync and in-sync tests are finalized.

2. Radio Link Monitoring in DRX
When a UE is enters long cycle DRX after a period of PDSCH inactivity, it wakes up once every DRX cycle and monitors PDCCH grants in the on duration. Fig. 1 shows an example where the on duration has a length equal to 2 ms and both subframes in the on duration are eICIC-protected subframes (this corresponds to 2/8 ABS density). If the DRX cycle length is 1.28 s and the UE has a clock with 2 ppm accuracy
 when tracking has not been enabled, the DL timing can drift by 39.3 samples or 78.6 Ts for 10 MHz in the absence of Doppler from one on duration to the next. The UL transmit timing accuracy requirement from TS 36.133 requires that the UE UL be within +/- 12 Ts with respect to the nominal value of timing advance for 10 MHz
. We consider two examples in the following.

In the first example, the UE gets an UL grant in subframe n and is required to transmit in subframe n+4. Clearly, the UE will need to apply a correction to the clock prior to subframe n+4. Legacy implementations (Rel-8/9) have the option of coping with this by opening up a 5 ms cell search window around the on duration and of re-acquiring timing based on P/S-SCH before subframe n+4. In legacy deployments without cell-range expansion (CRE), since the quality of P/S-SCH/CRS is guaranteed (i.e., SINR is above -6 dB), such re-acquisition of timing is feasible. But, in TDM-based eICIC with a large handover bias, not all subframes have CRS REs protected and further P/S-SCH REs can never be protected in synchronous (including TDD) deployments. This complicates re-acquisition of timing if P/S-SCH SINR is low on subframes around the on duration.
In the second example, a Rel-10 eICIC UE is configured to transmit in subframe n (e.g., CQI). The UE must wake up at least before subframe (n-8) or (n-7) if only CRS can be used for timing correction and P/S-SCH cannot be used due to low SINR on P/S-SCH REs. In legacy implementations (Rel-8/9), in this scenario, the UE can wake up 1 or 2 subframes prior to the on duration if it uses CRS for time correction and 5 subframes prior to the on duration (in the worst case) if P/S-SCH is made use of instead. This means that, on an average, a Rel-10 TDM-based eICIC UE will now have to wake up for a total of at least (2+7) = 9 subframes as opposed to 
(i) an average of (2+1) = 3 subframes when CRS is used; 
(ii) an average of (2+0.5(5+1)) = 5 subframes 
for legacy implementations (Rel-8/9). This entails a 80-200% increase in wake up duration for Rel-10 eICIC UEs which leads to increased current drain. As a result, ensuring that the SINR on P/S-SCH REs is sufficiently high seems critical when the UE is in connected mode (and not in RLF).
3. Proposed RLM requirements

Out-of-sync (OOS) requirements in TS 36.133 specify the SINRs at which a UE shall or shall not detect OOS events for a given channel bandwidth, transmit antenna configuration and propagation channel. Fig. 2 shows that SNR variation over time and the time instant before which an OOS event must be detected. In Rel-8/9, the cell identification SNR lower bound is -6 dB and SNR2 (point at which the UE must not detect an OOS event or declare RLF) is about -9 dB for AWGN and -5.5 dB 
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Figure 1. DRX on duration monitoring
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Figure 2 [TS 36.133 Figure A.7.3.1.1-4] SNR variation for out-of-sync testing
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Figure 3 [Figure A.7.3.2.1-3] SNR variation for in-sync testing
for ETU 70 Hz channel. Both of these levels are close to the 90%-tile P/S-SCH cell identification levels for the corresponding channels. As a result, Rel-8/9 RLM requirements allow for legacy UEs to use P/S-SCH for timing correction for long cycle DRX. If the same UE architecture is desired for Rel-10 TDM-based eICIC UEs (i.e., allowing use of P/S-SCH for timing correction), the corresponding lower bounds on SNR2 will be SNR2 >= -(9+1.5) = -10.5 dB for AWGN and SNR2 >= -(5.5+1.5) = -7 dB for ETU 70 Hz. This is because, the limiting P/S-SCH SINR for TDM-based eICIC cell identification is only 1.5 dB better than that for Rel-8/9.

On the other hand, for in-sync requirements (see Fig. 3 for example), SNR5, the level at which the UE must detect in-sync events, is -1.4 dB for 1x2 and -2.3 for 2x2, which are both above P/S-SCH detection thresholds. 

This leads to:
Proposal 1: Ensure that SNR2 for out-of-sync requirements is at least equal to -7 dB.
Proposal 2: Ensure that P/S-SCH SNR during T2 (out-of-sync and in-sync) is at least equal to -7.5 dB.
4. Conclusions

In this contribution, we discussed the importance on ensuring that the SINR on P/S-SCH REs is sufficiently high so as to ensure that the legacy Rel-8/9 hardware can be re-used particularly for long cycle DRX operation. We propose that RAN4 adopt the following:
Proposal 1: Ensure that SNR2 for out-of-sync requirements is at least equal to -7 dB.
Proposal 2: Ensure that P/S-SCH SNR during T2 (out-of-sync and in-sync) is at least equal to -7.5 dB.
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� The UE must maintain clock accuracy within 0.1ppm by means of frequency tracking


� Note that such tight timing accuracy is not necessary for reliable PDCCH decoding. Up to a CP/2 timing error can be easily tolerated.





