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1 Introduction
In RAN1#59 meeting, it was proposed to reduce the number of CRS transmissions for empty cells [1]. With such proposal, the UE would measure on Secondary Synchronization Signal (SSS) instead of CRS, by doing so network energy consumption can be lowered. According to the discussion in RAN1 #59 meeting, this proposal would cause backward-compatibility issue. In this document, we provide further evaluation on the energy saving gain and more considerations on the mobility performance impact from this proposal. Hopefully it can be used as a reference for the decision of the extended cell DTX proposal.
2 Discussion
Energy saving gain of the extended Cell DTX
In [1], it was claimed that the PA transmission-time fraction of 28% for maximum MBSFN configuration can be further reduced down to 7.1%. That calculation for the fraction of time for the power amplifier to be turned on is as follows, where 1/2 symbol is assumed for OFF-ON and ON-OFF transition:

· Sub-frame#0: 7.5 symbols considering the BCH, PSS, SSS and CRS transmission as shown in Figure 1.
· Sub-frame#5: 2.5 symbols considering the PSS and SSS transmission as shown in Figure 1.
So the fraction of ON duration = (7.5+2.5)/(14*10) = 7.1%
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Figure 1 Sub-frame #0 and Sub-frame #5 transmission proposed in [1]
However, for the idle UE that would initially access or re-access a cell in case of synchronization loss, reboot of UE or idle mobility, it cannot access the cell without receiving SIB1 and SIB2. Hence, we should also take SIB1 and SIB2 into account for calculating the fraction of ON duration. Since the period of SIB2 transmission can be configured by the network, it may be appropriate to take into account only SIB1.
Assuming that the extended CELL DTX should also support SIB1 transmission as defined in Rel-8,  SIB1 is transmitted in sub-frame #5 every even frame, and hence the fraction of ON duration can be updated as below:

· Sub-frame#0 in the first frame: 7.5 symbols, which is shown in the upper part of Figure 1.
· Sub-frame#5 in the first frame: 14.5 symbols considering the SIB1, PSS, SSS and CRS transmission as shown in Figure 2.
· Sub-frame#0 in the second frame: 7.5 symbols, which is shown in the upper part of Figure 1.
· Sub-frame#5 in the second frame: 2.5 symbols, which is shown in the lower part of Figure 1.
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Figure 2 Sub-frame #5 transmission considering the SIB1 transmission
So the fraction of ON duration = (7.5+14.5+7.5+2.5)/(14*20)=11.4%
In case of the maximum MBSFN configuration while keeping the backward compatibility, considering the SIB1 transmission, the PA ON duration for each sub-frame is as below (see also Figure 3):

· Sub-frame #0 in the first and second frames: 10 symbols. 
· Sub-frame #1, #2, #3, #7, and #8 in the first and second frames: 1.5 symbols in each sub-frame. 
· Sub-frame #4 and #9 in the first and second frames: 4*1.5 symbols in each sub-frame. 
· Sub-frame #5 and #6 in the first frame:  15.5 symbols during the two sub-frame interval.
· Sub-frame#5 and #6 in the second frame: 7.5 symbols for sub-frame #5 and 1.5 symbols for sub-frame #6.
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Figure 3 Maximum MBSFN configuration with keeping the backward compatibility
So the fraction of ON duration = (10+3*1.5+4*1.5+15.5+2*1.5+4*1.5+10+3*1.5+4*1.5+7.5+3*1.5+4*1.5)/(14*20)=29.8%
In summary, according to the updated calculation by taking SIB1 into account, the fraction of PA ON duration is reduced from 29.8% to 11.4%. 
Impact on RSRP measurement accuracy
In [2], we provided some simulation results on the performance comparison between the RSRP measurement on CRS and that on SSS in intra-frequency DRX case and inter-frequency non-DRX case. From the simulation results we can see that if RSRP measurement is performed on SSS:
· For the UE when DRX is used, in high Doppler frequency channel, it needs to have longer ON-duration to have more available SSSs for RSRP measurement to get the similar measurement performance as the measurement on CRS. But having longer ON-duration during one DRX cycle means UE would have more power consumption.

· For the UE performing inter-frequency measurements, in high Doppler frequency channel, the measurement performance would be much worse compared with the measurement on CRS. For inter-frequency measurement, in each gap only 5 ms can be used for measurement, which means only one SSS is available for the measurement, so that the inter-frequency mobility performance would always be degraded in high Doppler frequency channel.
Therefore, in high Doppler frequency channel, measuring SSS instead of CRS for RSRP estimation would cause more UE power consumption for the UE when DRX is used, moreover it would cause inter-frequency mobility performance degradation.
Impact on cell search performance
The release 8 cell identification requirement, found in TS 36.133, states that for intra-frequency when no DRX is in use the UE shall be able to identify a new detectable FDD intra frequency cell within 
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The above requirement means for intra-frequency when no DRX is in use, the UE shall be able to identify a new detectable cell within 800 ms if duty cycle is 100%. According to RAN4’s discussion, that 800 ms time duration includes two phases: one is 600 ms time duration needed for cell search and the other phase is 200 ms L1 RSRP measurement period.
Cell search means UE needs to identify the detectable cell using correlation calculation on PSC and SSC, but as we know, when doing correlation calculation usually there would be several peaks which denote different cell ID’s, so the confirmation stage is needed to identify the target cell ID instead of some false cell ID’s. In many release 8 implementation algorithms for cell identification, CRS was used for such confirmation, since compared with the confirmation on PSS and SSS, CRS is more independent which can reduce the false alarm probability.

For example, there are below receiver algorithms for cell search phase in [3]:
Table 1:  Receiver Specific Parameters

	Parameters
	Comments

	Correlation Type
	Full Precision

	Receiver types and number of symbols used for sequential  detection
	Receiver a): Only using PSC and SSC with no confirmation stage, 1 symbol from PSC, and 2 symbols from SSC.

Receiver b): Using PSC, SSC and RS signals for confirmation stage, 1 symbol from PSC, 2 symbols from SSC, 60 frames for reference symbol correlation (using subframe0 subframe5).

	Duty cycle
	Receiver  a)  100%

Receiver  b)  PSC/SSC -100% ,

                      reference sub frames - 20%

	Total number of candidates carried over to the SSC stage from the PSC stage for Receiver a) and Receiver b)
	10

	Number of candidates carried over to reference symbol stage from SSC stage for Receiver b)
	10

	Decision Criteria –compared to Genie
	Receiver a)  If cell Id is in the top 10 candidates  and frame timing is correct

Receiver b)  If cell Id is the top candidate and  frame timing is correct

	 Interferer information
	Prior knowledge of the Interferer is used to remove that cell Id hypothesis  from the SSC stage 


For receiver b), we can clearly see that CRS was used for confirmation during the cell search phase. If UE just uses PSS and SSS for confirmation, the cell search performance would be impacted, since the correlation between the PSS/SSS for cell search and the follow-up PSS/SSS for confirmation would be more than that between the PSS for cell search and the follow-up CRS for confirmation, which would increase the probability of the false cell ID detection.
For receiver a), even though there is no confirmation stage during the cell search phase, after the cell search phase there would be 10 candidate cell ID’s and among them the target cell ID needs to be identified. So during the second phase, i.e. RSRP measurement period, CRS measurement would be used for the target cell ID identification. Again, if the cell identification during the CRS measurement phase has only been performed on PSS and SSS instead of on CRS, the probability of the false ID detection would be increased.
Looking at the proposal in [1], the CRS in sub-frame #0 could be used for the cell ID confirmation, so for intra-frequency cell search, a number of CRSs still can be used for cell ID confirmation, but some further evaluation on cell search performance is needed since the number of available CRSs is greatly reduced if with the proposal in [1]. Furthermore, for inter-frequency cell search and when gap is used, if with the proposal in [1] it is highly possible that the gap would always not cover the sub-frames having CRS considering that 5 ms is available for the measurement and the gap period is 40 ms or 80 ms. In this case, only PSS and SSS can be used for cell ID confirmation, which would severely increase the false detection probability.
3 Conclusion

In this contribution, we provide some further evaluation on the energy saving gain of the extended cell DTX proposal in [1] by taking into SIB1 into account, since it also needs to be transmitted for idle mode mobility, initial access, etc. The evaluation shows that the fraction of PA ON duration is reduced from 29.8% to 11.4% (factor of 2.6), which would decrease further if SIB2 is also taken into account, while the reduction from 28% to 7.1% (factor of 3.9) was stated in [1]. 
Considering the great impact on Release 8 backward-compatibility, it is necessary to consider carefully if the energy saving gain is big enough to justify the proposal. Furthermore, such energy saving gain is achieved with the cost of mobility performance degradation and larger UE power consumption, since both the measurement performance and cell search performance would be impacted by the reduction of CRS transmission and in DRX case UE needs to have longer ON duration. 

We suggest RAN1 take the above into consideration for drawing the conclusion about the way forward on the extended cell DTX proposal.
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