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1
Introduction
At RAN2#58, a paper from a number of operators [1] explained the operator requirement to be able to set cell specific offsets for cell reselection in RRC Idle and measurement reporting in RRC Connected. The paper described 2 approaches for how this cell specific offset could be obtained by the UE. The first alternative to read the offset from the P-BCH of the neighbour cell after it is detected and the second alternative to obtain the offset from a neighbour cell list broadcast from the serving cell. The conclusion of that discussion was that the UE would obtain the offset value from the P-BCH of each detected neighbour cell. This conclusion was common for both RRC Idle and RRC Connected.
At RAN#36 there was further discussion of this topic. Following this discussion it was agreed to include an FFS for this point in the stage 2 specification and give further time for RAN working groups to discuss the issue. The following text was captured in 36.300:

It should be possible to use cell reselection parameters for specific intra-frequency neighbouring cells. The BCH of the neighbouring cell may includes parameters that are often cell specific e.g. an offset (FFS). The neighbouring cell information provided by the serving cell includes parameters that are rarely cell specific or for which there is a need to indicate values for a specific serving- neighbouring cell pair. Consequently, the UE may needs to read the BCH of detected neighbouring cells (FFS), possibly only for suitable cell reselection candidates.

2
UE power consumption in RRC Idle

In our opinion, it is extremely important for LTE to optimise RRC Idle for UE power consumption. Previous discussions on this issue of acquiring the offset value from P-BCH have not fully considered this aspect. 
The UE power consumption in RRC Idle is related to the UE receiver duty cycle. Each DRX cycle the UE will need to power up its receiver to perform the following functions: receive paging, perform measurements of serving cell, perform measurements of detected neighbour cells, and perform cell search to detect new cells. In addition, if the cell specific offset is included in the neighbour cell P-BCH then each time a new neighbour cell is detected then the UE must also read the P-BCH. Clearly this extra process will cause some increase to the UE receiver duty cycle. 
It is assumed that once the P-BCH has been acquired for a detected cell then it does not need to be periodically re-acquired (i.e. the offset value in the P-BCH is assumed to be statically configured). However if the UE looses synchronisation with a cell and then re-detects a cell with the same cell identity then it would not be safe to re-use the previously read value of the offset (as this may be a different cell re-using the same cell identity). Therefore the P-BCH reading is required once for every new cell detection.
The P-BCH has a TTI of 40ms. Frame timing is known from the cell synchronisation process but P-BCH TTI boundary timing needs to be obtained from the P-BCH detection process. Given that the details on P-BCH detection are still under discussion within RAN1 it is not clear what the actual worst-case P-BCH decoding delay will be. In principle the worst-case decoding delay could be up to 80 ms with an average of 60ms - consisting of a worst case 40ms or average 20ms TTI alignment delay plus 40ms TTI decoding delay. 
It is recognised that RAN1 is still finalising the details P-BCH design and that it is likely that they will conclude a design where each P-BCH transmission is self decodable and combinable with other P-BCH transmissions within a TTI [3]. We assume that it would not be possible to combine transmissions across a TTI boundary as the payload may differ. With such a design the decoding delay should be reduced, particularly in good signal conditions, although it should be remembered that for neighbour cell P-BCH decoding the signal conditions will often be poor.
The table below gives estimates of the RRC Idle UE receiver duty cycle  as a function of the DRX cycle length and the new cell detection rate. These estimates are based on the assumption that P-BCH decoding of a neighbour cell, following the detection of that cell, will require the receiver to be on for an additional 60ms on average.

	
	Detection rate (new cell detections per min)

	DRX cycle length(s)
	5
	2
	0

	0.32
	3.0 %
	2.7 %
	2.5 %

	0.64
	1.8 %
	1.5 %
	1.3 %

	1.28
	1.1 %
	0.8 %
	0.6 %

	2.56
	0.8 %
	0.5 %
	0.3 %


Table 1: RRC Idle UE receiver duty cycle
Various optimisations to reduce the receiver on time are possible in UE implementation. For example the P-BCH is known to be only present in subframe 0 of each frame and hence the UE could only power on the receiver for subframe 0s - although it should be remembered that there is overhead to power the receiver on/off each time.. While these optimisations would reduce the power consumption implications of reading P-BCH of detected cells it should be noted that they will all add complexity to the UEs implementation. 
3
RRC Connected considerations
In contrast to RRC Idle, in RRC Connected, while power consumption is still an important consideration, more weight should be given to performance considerations (e.g. handover execution delay and handover interruption time). However, it should be noted that RAN2 has not yet concluded on the DRX cycle lengths for RRC Connected. If values comparable to the RRC Idle DRX cycle lengths are to be used, and the UE is expected to be in this state for long periods of time, then the power consumption considerations described above for RRC Idle will also be important for RRC Connected.
One potential concern for RRC Connected mode is that the requirement to read P-BCH of detected neighbour cells could potentially delay the sending of a measurement report and consequently delay the handover execution. However, the current assumption in RAN4 is that the measurement period will be 200ms which means that the UE must average a number of samples that have been taken over a 200ms period. This means that after detection of a new neighbour cell the first measurement is provided by layer 1 after a 200ms delay. It seems reasonable to assume that the UE would be able to acquire the P-BCH of the target cell in parallel during this 200ms period and hence the offset value should be available to apply to the first measurement provided by layer 1.
Another consideration is when during the handover procedure the UE is required to acquire the SFN from the P-BCH of the target cell. This is yet to be concluded but currently there does not seem to be any requirement for the SFN to be known before a measurement report is sent to the eNodeB. However, it is possible that the SFN may need to be known before the handover can be executed. If this is found to be the case then the following options exist:
A- The SFN is acquired only after reception of the handover command. As a result an extra delay of up to 80ms (depending on the relative timing of old and new cells and the number of subframes needed to successfully decode P-BCH) for the P-BCH acquisition will be incurred in both the handover execution delay and also the handover interruption time. 
B- The SFN is acquired by the UE after a new cell has been detected and a measurement report that is likely to trigger an handover has been sent to the network. This might avoid any increase in execution delay or interruption time if the P-BCH is acquired before a handover command is received.
C- The SFN is acquired by the UE when a new cell is detected and the first measurement report can only be sent when the SFN has been decoded. If it were concluded that SFN should be acquired when a new cell is detected the clearly it would also be possible to use an offset value from the P-BCH in the measurement reporting. As discussed above, on the assumption that the measurement period is 200 ms then the SFN can be decoded in parallel an unlikely to introduce any additional delay.
4
Proposal
Based on the requirement to enable UEs to minimise RRC Idle power consumption with reasonable UE complexity it is proposed:
1. Network need not send intra-frequency neighbour cell list (this point is already agreed)

2. No offset is present on P-BCH (at least for RRC Idle case). UEs in RRC Idle do not need to read P-BCH of detected set cells

3. In RRC Idle state the UE only reads P-BCH for the destination cell when reselection is triggered

4. Neighbour cell list on the serving cell may contain cells with a non zero offset from the serving cell. Other detected cells not listed are assumed to have zero offset. This list may also contain blacklisted cells.
5. It is possible that RRC Connected UEs may need to read the SFN from the P-BCH of neighbour cells to avoid increasing handover execution delay and handover interruption times according to options B or C described above. This aspect needs further study.
5
Conclusion

We believe that it is critical that LTE is designed to minimise UE power consumption in RRC Idle. While it is acknowledged that some power consumption optimisation may be possible when reading the P-BCH, all this adds complexity to the UE implementation and it is most effective with strong cells only. Our preference is to avoid the power consumption and complexity implications completely by agreeing to the proposal in the previous section. 
As indicated in point 5 above, it is possible that an RRC Connected UE may need to read the SFN from the P-BCH of neighbour cells in order to reduce handover delay. If the conclusion of this study is that SFN should be read from detected neighbour cells then there may still be scope for offsets to be obtained from the neighbour cell P-BCH for use with RRC Connected only if it is felt useful to have offsets different from those already provided by the neighbour cell list broadcast from the serving cell.
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