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1 Introduction

In the past RAN2 meetings we presented several techniques that we are considering for energy saving [1]. In our opinion, in addition to using MBSFN subframes, one of the most effective technique is to adapt the number of transmit antenna to the load. The number of transmit antenna (NTXA) is discovered by the UE via blind decoding of the PBCH and subsequently used to decode all downlink transmissions. As a result legacy UEs who do not repeat the blind decoding of PBCH upon system information change would be disturbed by an on-the-fly change of NTXA 
During the RAN2#69 meeting, the opinions were diverging on whether changing this parameter is allowed for the eNB and supported by UEs. After further investigation, some UE vendors kindly indicated offline that their Rel-8 implementation does not re-perform blind decoding of PBCH while some other vendors do. 
This document explains how reducing the number of antenna enables eNB power saving and proposes that RAN2 agrees that UEs should support this behaviour.

2 Below 40% load
As long as the eNB load is above 40%, turning normal subframes into MBSFN subframes allows transforming the reduced load into reduced PA power consumption. This is illustrated with the ‘MBSFN’ curve in Figure 1.
Below such load, this techniques runs out of steam, as there are at most 6 MBSFN subframes per radio frame. In order to minimize the power consumption when the load is below 40% we consider using a combination of 

a) using MBSFN subframes

b) reducing the number of transmit antenna 
c) reducing the downlink bandwidth 
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Figure 1 Minimizing the PA power at various loads
Figure 1 illustrates the PA power for 3 schemes with load ranging from 0% to 100%. In that figure the baseline is that normal subframes are used (no power is used where no PDSCH transmissions occur). With MBSFN, the number of MBSFN subframes per radio frames is selected to maximize the power saving while meeting the load  The gains comes from transmitting less reference signals compared with the baseline.  With Combination at load below 40% in addition to using MBSFN subframes, the number of transmit antenna and the downlink bandwidth are reduced. The assumptions used for this computation are detailed in [1].
3 Legacy behavior
According to [5] the CRC of the PBCH transport block is masked with a sequence that depends on the NTXA. The UE discovers the NTXA when with one mask, the CRC passes. Moreover if the UE uses a wrong assumption on NTXA, the CRC check will fail. As a result, a UE that does not support on-the-fly change of NTXA by performing again the detection of NTXA may not receive PBCH following a change of NTXA. 

3.1 Idle
Hence a legacy UE camping on this cell will not be able to obtain the PBCH. According to section RRC 5.2.2.5 of RRC [4] if PBCH (MIB in RAN2) is missing, that UE will consider the cell as barred during 300s and will perform re-selection. After 300s, the UE may re-select to this cell. If the UE does not move and all the eNBs in the area change NTXA often (more than once in 300s), the UE may end up considering all the LTE cells as barred. This un-necessary reselection is likely to make the UE select a less suitable cell.
3.2 Connected
Depending on the scenario, connected legacy UE who does not detect the new NTXA may be able to maintain (degraded) connectivity. But many things may also go wrong:

Such UEs will not be able to obtain an updated version of the PBCH. The current RRC however does not trigger any action based on missing PBCH. If for instance the PHICH or DL bandwidth is changed, UE could not decode the control channels.
The PDCCH and PDSCH resource mapping depends on the NTXA. It is the same for 1 and 2 NTXA, but is different for 4. So if the eNB changes from or to 4 NTXA, the UE can not decode PDCCH/PDSCH.

Going from 2 to 1 NTXA may be feasible depending on which transmission modes are configured as the UE implementation should be ready to handle a deep fade on one antenna port.
However going from 1 to 2 may give some trouble to the UE as the transmit diversity is not transparent to the UE’s receiver. The transmission mode may need to be reconfigured also. While UEs may be able to decode, we expect that the performance is impacted.

As a result, the eNB currently has no freedom to switch between 1, 2 and 4 NTXA while there are UEs connected to it. Before changing NTXA, the eNB shall hand the UEs to another cell. This disturbs the data transmission, increases the signallnig and processing load and likely attaches the UE to a less suitable eNB. 
4 Proposal
In order to avoid un-necessary reselection for Idle UEs and un-necessary handover for connected UEs, we propose that the Rel-10 UE shall support on-the-fly change of NTXA. When this is supported, they can continue to camp or remain connected to the eNB whithout being disturbed by a change of NTXA. 
In our understanding there are already RAN4 performance requirements for PBCH reception under different scenarios in 36.101.The coverage and performance requirements of existing test cases is sufficient and it is not necessary to define anything new for the case of number of transmit antenna ports number changing.

In our understanding there is no RAN5 impact if RAN2 agrees to this change.
As the impact of the proposal below is limited to RAN2, we believe that this can be appropriately handled in Release-10 with TEI, irrespective of the ongoing RAN3 study on energy saving [2]. For these reasons we propose

Proposal 1: Capture in the RAN2 specifications that the UE shall support the on-the-fly change of eNB NTXA at a modification period boundary.
5 Conclusion

This paper proposes to agree that the UE should handle a on-the-fly change of eNB transmit antenna. Clarifying this UE behaviour allows eNB to adapt the number of transmit antenna to the load without leading to un-necessary UE reselection and hand over of connected UEs.  A possible CR to clarify this is illustrated in section 5.
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5.2.1.3
System information validity and notification of changes

Change of system information (other than for ETWS and CMAS) only occurs at specific radio frames, i.e. the concept of a modification period is used. System information may be transmitted a number of times with the same content within a modification period, as defined by its scheduling. The modification period boundaries are defined by SFN values for which SFN mod m= 0, where m is the number of radio frames comprising the modification period. The modification period is configured by system information.

When the network changes (some of the) system information or number of antenna port, it first notifies the UEs about this change, i.e. this may be done throughout a modification period. In the next modification period, the network transmits the updated system information. These general principles are illustrated in figure 5.2.1.3-1, in which different colours indicate different system information. Upon receiving a change notification, the UE acquires the new system information immediately from the start of the next modification period. The UE applies the previously acquired system information until the UE acquires the new system information.
5.2.2.3
System information required by the UE

The UE shall:

1> not assume that the number of antenna port configured by the eNB always keeps unchanged at a modification period boundary following a system information change notification;
1>
ensure having a valid version, as defined below, of (at least) the following system information, also referred to as the 'required' system information:

2>
if in RRC_IDLE:
3>
the MasterInformationBlock and SystemInformationBlockType1 as well as SystemInformationBlockType2 through SystemInformationBlockType8, depending on support of the concerned RATs;

2>
if in RRC_CONNECTED:
3>
the MasterInformationBlock, SystemInformationBlockType1 and SystemInformationBlockType2 as well as SystemInformationBlockType8, depending on support of CDMA2000;

1>
delete any stored system information after 3 hours from the moment it was confirmed to be valid as defined in 5.2.1.3, unless specified otherwise;

1> consider any stored system information except SystemInformationBlockType10 and SystemInformationBlockType11 to be invalid if systemInfoValueTag included in the SystemInformationBlockType1 is different from the one of the stored system information;
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