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Discussion and decision
Introduction
This paper discusses the method to allow the eNB to change antenna number (i.e. switch off RF amplifier units) in suitable time (e.g. when cell load is low) to save eNB power, and reduce OPEX for operators. 
Discussion
As investigated, more or less 30% of OPEX comes from power consumption of network nodes, so the power consumption of network nodes shall be decreased as much as possible, especially the power consumption of eNB since the number of eNB is very large. For eNB, the power is consumed mainly by RF amplifier units.
One of the methods to save eNB power is reducing the number of antenna i.e. switch off RF power amplifier units, e.g. switch 4-antenna to 2-antenna transmission. Usually, one RF amplifier unit needs more or less 700W, switch off RF amplifier units e.g. when cell load is relatively low, can reduce the eNB power consuming significantly.
However, antenna port number is assumed to be fixed during all the active time of eNB, currently, the antenna number information can be detected by UE from reading MIB i.e. the PBCH “CRC bits are scrambled according to the eNode-B transmit antenna configuration”, and antenna informations are included in RRCConnectionReconfiguration message, in which the antenna number (1, 2 or 4) is included in MobilityControlInfo IE i.e. it is only used to indicate the antenna number of target cell; and other dedicated antenna information e.g. transmission mode are included in RadioResourceConfigDedicated IE. If eNB changes the antenna number without explicit notification to UE, it will impact UE behaviors e.g. measurement and ongoing service, expecially to those in connected mode.
Therefore, the suitable method to notify the antenna number change to all UEs is by means of the normal system information modification notification mechanism i.e. via Paging message, and the antenna number can be change at the beginning of next system information MP (Modification Period).
For IDLE mode UE, it is seems no big impact to them when antenna number being changed.
However, for connected mode UE, to enable the ongoing service continuity, the dedicated antenna information needs also to be modified align with antenna number change. The UE behaviour may include:
1. Formally unspecified. It is possible the UE may stop the service and go via IDLE mode;
2. It is possible some UE would behave as if "essential system information missing";
3. The eNB can handover all UEs to neighbor cells before antenna number change. However, it will introduce a lot of signaling both to the serving cell and neighbor cells, and not all UE have suitable neighbor cells to continue their ongoing service.

4. The eNB can reconfigures the dedicated antenna configuration as below “simplest” type one by one before the antenna number change:
· reconfigure of the transmissionMode as tm1,
· remove the codebookSubsetRestriction, and 
· release the ue-TransmitAntennaSelection.
After the antennn number was changed, eNB can reconfigure back with suitable dedicated antenna information. However, above solution may also introduce high signaling load before the antenna number being changed, and the transmissionMode can only modified as tm1 (single antenna port) before the actual antenna numer change, and the whole adjustment duration will be long to avoid DL signaling congestion. 
To avoid above connected mode UE unexpected behavour and/or high signaling load when antenna number change, a simple solution is: 

Just adopt the default dedicated antenna configuration defined in “9.2.4
Default physical channel configuration” of 36331 (i.e. below table) when detected antenna number change:
	AntennaInfoDedicated

>transmissionMode

>codebookSubsetRestriction

>ue-TransmitAntennaSelection
	tm1, tm2

N/A

release
	If the number of PBCH antenna ports is one, tm1 is used as default; otherwise tm2 is used as default

	SchedulingRequestConfig
	release
	


This can reduce the RRCConnectionReconfiguration messages signaling load, and also keep better user performance experience than former solution since the modification interval is shorter, and tm2 (i.e. “Transmit diversity”) can also be used when 2 or 4 antenna ports will be used, which usually get better performance than tm1 (i.e. single antenna port).
Proposal: For connected mode UE, the default dedicated antenna configuration can be applied when the antenna number change is detected (from reading MIB).
Conclusion

In this paper, we discussed the requirement of adjust antenna number for eNB power saving, and the possible UE behaour when antenna number change, the proposal is:
Proposal: For connected mode UE, the default dedicated antenna configuration can be applied when the antenna number change is detected (from reading MIB).
A corresponding CR for the proposal is provided in [1].
References

[1] R2-094687, CR for eNB power saving by changing antenna number.







