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1 Introduction

In RAN2#69, bandwidth change on the fly was briefly discussed in [1]

 REF _Ref256446322 \r \h 
[2], and it was concluded that from specification point of view, bandwidth change on the fly is possible. Which was not discussed yet but bandwidth is tightly linked with PDCCH format 1A decoding, which can be used to schedule SIBs. In addition, narrowing DL bandwidth may impact on allowedMeasBandwidth signalled from neighbouring intra-frequency cells. In this docment, we analysed if DL change on the fly is possible in backward compatible manner.
Note that this document does NOT state the positive nor negative view on the benefit of changing bandwidth on the fly for e.g. energy saving.
2 Discussion
2.1 Release-8 UE behaviour
PDCCH payload size for format 1A/0 depends on DL or UL bandwidth whichever larger. Some zero padding(s) are included in format 1A or format 0 payloads if DL PDCCH content or UL PDCCH content is smaller than the other.
The UE newly entering the cell, upon receiving MIB, applies dl-Bandwidth on MIB to UL bandwidth as well as DL bandwidth as specified in clause 5.2.2.6 in 36.331. This is required in order to receive SIBs which can be scheduled with PDCCH format 1A i.e. to calculate PDCCH payload size and to know zero padding partition in PDCCH format 1A.

	5.2.2.6
Actions upon reception of the MasterInformationBlock message

Upon receiving the MasterInformationBlock message the UE shall:
1>
apply the radio resource configuration included in the phich-Config;

1>
if the UE is in RRC_IDLE or if the UE is in RRC_CONNECTED while T311 is running:

2>
if the UE has no valid system information stored according to 5.2.2.3 for the concerned cell:

3>
apply the received value of dl-Bandwidth to the ul-Bandwidth until SystemInformationBlockType2 is received;


The UE already in the cell as in idle or in connected during BCCH modification, continues using the previously signreceived UL bandwidth value until the updated SIB2 is acquired as specified in clause 5.2.2.4 in 36.331. This means that after receiving the updated MIB until receiving the updated SIB2, PDCCH payload size and zero padding partition in format 1A are calculated in combination with DL bandwidth on the updated MIB and with the previous UL bandwidth value.
	5.2.2.4
System information acquisition by the UE

The UE shall:

…
1>
if the procedure is triggered by a system information change notification:
2>
start acquiring the required system information, as defined in 5.2.2.3, from the beginning of the modification period following the one in which the change notification was received;
NOTE 1:
The UE continues using the previously received system information until the new system information has been acquired.


Conclusion 1a: Upon (re)selecting a cell, PDCCH payload size and zero padding partition in format 1A are calculated only from DL bandwidth on MIB by assuming UL bandwidth = DL bandwidth until receiving the updated SIB2

Conclusion 1b: During BCCH modification, PDCCH payload size and zero padding partition in format 1A are calculated in combination with the updated DL bandwidth value on MIB and with the previous UL bandwidth value until receiving the updated SIB2
2.2 Consequence if DL bandwidth is narrowed
If bandwidth is narrowed e.g. from 10MHz to 5MHz, the UE fails to decode PDCCH format 1A/0 due to PDCCH payload size mismatch (a in Figure 1). Consequently, if PDCCH format 1A is used to schedule SIB1 or SIB2 allocation, the UE can not detect SIB2. The UE in idle will assume essential SIBs missing and bars/leaves the cell. The UE in connected might re-establish RRC connection in the end e.g. by RACH message2 reception failure.

If DL bandwidth is narrowed while keeping PDCCH payload size for format 1A/0 e.g. DL bandwidth is narrowed from 15MHz to 10MHz while keeping UL bandwidth = 15MHz to keep PDCCH format 1A payload size (as 27bit), then the UE will be able to detect scheduling of SIBs but zero padding partition mismatches. In such case the UE misunderstands resource allocation, and the result would be almost same as above.
Conclusion 2: eNB can accommodate neither Rel-8 UE in idle nor in connected if PDCCH format 1A is used to schedule SIB1 or SIB2, and if DL bandwidth is narrowed
Note that eNB should not delay updating their PDCCH format 1A since a new UE might enter the cell after BCCH modification boundary. Such UE receives SIBs using PDCCH which payload size is calculated based on dl-Bandwidth value on MIB until receiving SIB2 (b in Figure 1).
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Figure 1 UE behaviour around bandwidth change on the fly
2.3 Possible backward compatible approach to narrow DL bandwidth
This issue is specific to the case where SIBs are scheduled using PDCCH format which is dependant on both DL bandwidth and UL bandwidth i.e. format 1A. So one approach is to use format 1C, which PDCCH payload size is dependant on DL bandwidth but not on UL bandwidth, to schedule SIB1, SIB2 at least until all the UE acquires necessary SIBs after BCCH modification (uncertain period).
Another alternative approach would be to use two format 1A PDCCHs during undertain period above; one PDCCH based on the updated DL bandwidth and the previous UL bandwidth, and another PDCCH based on the both updated DL bandwidth and the updated UL bandwidth (Figure 2).
Note that without two PDCCHs approach, the UE in connected may loss packets until receiving the updated MIB due to PDCCH payload size mismatch. However, since this period is very limited (should be within 30~40ms) and narrowing DL bandwidth should be rare event, this packet losses could be torelable i.e. both approaches should work sufficiently.
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Figure 2 UE behaviour when two PDCCH’s are used
Conclusion 3: eNB can not accommodate Rel-8 UEs when narrowing DL bandwidth unless following either network constraint is met; 

· i) PDCCH format 1C is used to schedule SIB1 and SIB2, or

· ii) two PDCCHs are used to schedule SIB1 and SIB2; one for the updated DL bandwidth and the previous UL bandwidth, and another for both updated DL and UL bandwidth.

2.4 Another possible impact from bandwidth change on the fly
Cell RSRP/ RSRQ measurement can converge more rapidly if the measurement is done using RSs in wider bandwidth operated in the cell. In Rel-8, eNB can indicate IE allowedMeasBandwidth in which the UE is allowed to measure using up to the value indicated per carrier frequency through broadcast signalling for the UE in idle or through dedicated signalling for the UE in connected. Since this IE is indicated per carrier frequency, the value needs to be minimum bandwidth of all the neighbouring intra-frequency cells.
Therefore if we assume DL bandwidth on one cell can be narrowed on the fly, allowedMeasBandwidth signalled from all the neighbouring cells on the same frequency also need to be within the minimum of all the possible DL bandwidth on all the neighbouring cells.Conclusion 4: eNB needs to take into account the impact on allowedMeasBandwidth signalled from intra-freuqency cells when narrowing DL bandwidth
3 Conclusions

In this docment, we analysed if DL bandwidth change on the fly is possible in backward compatible manner.

Conclusion 1a: Upon (re)selecting a cell, PDCCH payload size and zero padding partition in format 1A are calculated only from DL bandwidth on MIB by assuming UL bandwidth = DL bandwidth until receiving the updated SIB2

Conclusion 1b: During BCCH modification, PDCCH payload size and zero padding partition in format 1A are calculated in combination with the updated DL bandwidth value on MIB and with the previous UL bandwidth value until receiving the updated SIB2
Conclusion 2: eNB can accommodate neither Rel-8 UE in idle nor in connected if PDCCH format 1A is used to schedule SIB1 or SIB2, and when DL bandwidth is narrowed
Conclusion 3: eNB can not accommodate Rel-8 UEs when narrowing DL bandwidth unless following either network constraint is met; 

· i) PDCCH format 1C is used to schedule SIB1 and SIB2, or

· ii) two PDCCHs are used to schedule SIB1 and SIB2; one for the updated DL bandwidth and the previous UL bandwidth, and another for both updated DL and UL bandwidth.
Conclusion 4: eNB needs to take into account the impact on allowedMeasBandwidth signalled from intra-freuqency cells when narrowing DL bandwidth
Note that this document does NOT state the positive nor negative view on the benefit of changing bandwidth on the fly for e.g. energy saving.
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