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1 Background

The scope of the study item [1] is to investigate the effectiveness of different proposals aimed to support bandwidth flexibility with limited impact on hardware implementation and RAN4 specifications. The objectives of the study are limited to the impact on the BS/UE RF specifications and cell search for legacy UE, but without any prior involvement of RAN1 and RAN2. Normally RAN1 first specifies the physical channels of new features and RAN4 subsequently the corresponding RF and RRM requirements. Since the RF requirements also depend on the physical channel configurations it is therefore not possible to conclude on the RF impact of the proposed bandwidth flexibility. In this contribution we consider issues with regard to RF requirements and resulting system performance. The cell-search problem for legacy UEs is considered in separate contribution [2].
The bandwidth flexibility proposed is shown in Figure 1 [3]. The eNB supports a flexible bandwidth tailored to the operator block while all UEs maintain the legacy LTE bandwidths. The legacy UEs attach to a specific part with the 6 PRB containing the PSS/SSS centred whereas new UEs need to support control channel changes, CRS and LO shifts. According to [3], the DL common-control channels can be shared by legacy UEs and new UEs or the solution can be same as the Rel-13 MTC solution with re-tuning to the central 6 PRBs of the legacy carrier. For the UL it is proposed that RACH/PUCCH can be configured in the legacy shared region or separate RACH/PUCCH resource can be defined for new UEs; the LO (DC) of new UEs belong to one PRB (but data can be punctured or rate matching around this DC).
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Figure 1: proposed bandwidth flexibility.
The legacy part of the eNB must contain the PDCCH occupying the transmission bandwidth configurations of the existing LTE bandwidth as indicated in the field dl-Bandwidth of the MIB:
MasterInformationBlock ::=


SEQUENCE {


dl-Bandwidth





ENUMERATED {












n6, n15, n25, n50, n75, n100},

The RB configuration of the ePDCCH is also limited by the signalled value of dl-Bandwidth. 
Now, the main issue of the SI from an RF perspective is that the physical channel configuration outside the legacy part is unknown pending a RAN1 study. RF requirements like REFSENS depend on the physical channel configuration. The existing UE REFSENS requirements are based on CRS transmission and would be relevant for legacy UEs, but the requirements would not be relevant for new UEs since the physical channel configuration may not be based on CRS outside the legacy part in Figure 1 and may vary depending on the frequency of the legacy part. 
It is also challenging to assess the performance gain of the proposed scheme in the absence of a RAN1 specification as compared to solutions based on e.g. carrier aggregation. The motivation paper for the flexible bandwidth in [4] only contains comparisons of system and user performance in terms of the channel bandwidths as shown in Figure 2. However, the resource allocation and control channel management will more complex for the flexible arrangement in Figure 1, which may reduce the perceived gains shown in Figure 2. Moreover, a comparison is only made for UEs not capable of intra-band CA of BW class B. Indeed, not all UEs support this, but on the other hand, the proposal in Figure 1 also requires new UEs for support of the flexible bandwidth.
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Figure 2: perceived performance gains for flexible bandwidth
Further considerations on system performance are presented in [5]. Next we consider RF requirements that either irrelevant without knowledge of the physical channels or need further consideration.
2 UE RF
2.1 Transmitter requirements
Many of the UE transmitter requirements such as power class and spectrum emission masks can remain unchanged. 
The transmitter time masks may have to be revisited for new UEs depending on how the frequency shift relative to the legacy part would be achieved (the legacy masks were assumed for eMTC Rel-13).
MPR and A-MPR tailored for the existing LTE bandwidth may not be entirely relevant for the wider flexible-bandwidth configuration with its proposed 10% internal guard band. Moreover, the waveforms of the physical UL channels are not known for new UEs. A-MPR is often based on PUCCH over-provisioning with distinct regions of A-MPR depending on the offset of the carrier to the frequency range of an unwanted emissions requirement. This offset would vary for the new UEs as illustrated in Figure 3. Now, the A-MPR and the resulting PUCCH regions could still have to be dimensioned for the worst case frequency offset. At any rate, several PUCCH regions have to be configured across the flexible bandwidth; these regions would be different for the legacy and the frequency-shifted new UEs (in case PUCCH is used for the latter). 
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Figure 3: A-MPR and PUCCH over-provisioning for new UEs.
2.2 Receiver requirements
The receiver RF requirements are based on REFSENS that in turn depends on the physical channel configured. The existing REFSENS requirements are based on RMCs with CRS transmission and without HARQ retransmissions; these would be relevant for the legacy UEs in the arrangement in Figure 1. However, outside the legacy part transmissions may not be CRS based and would therefore require the specification of new RMCs for the REFSENS requirement to be relevant. The resource allocation might be based on ePDCCH or similar outside the legacy part (requires a RAN1 change since outside the indicated dl-Bandwidth) and the synchronisation signals are not centred; this might not affect the requirements although a verification of the requirements for new UEs at different LO offsets from that of the legacy carrier could be relevant.
3 BS RF
3.1 Transmitter requirements
Regarding the proposals [6], a 10% internal guard band and a limitation of the flexible bandwidth to > 5 MHz appear realistic. The uniform emission mask can be used in the 36 series for bandwidths > 5 MHz; the same applies for the 37 series, but for every new flexible bandwidth added the exact applicability should be specified in the 36- and 37 series.
For the power dynamic, a bigger change could be needed: depending on the relation between the flexible bandwidth and the legacy LTE bandwidth certain scaling based on measuring on the legacy BW or a ‘punctured’ flexible bandwidth could be applied, but this may be complicated. 
On the observation on HW implementation in [6] there is a problem: if the bandwidth is manufacturer declarable and thus flexible, testing for certification will be complex. There may be considerable RF impact; the question is therefore how this would be reflected in the test configurations?
3.2 Receiver requirements
For the backwards compatibility according to Case 1 or Case 2 in [6], it is proposed that a new UE should be able to operate anywhere within the flexible bandwidth. It is not certain that the DL and UL reference signal structures would be the same for new UE compared to legacy even if the bandwidth is the same, particularly since the frequency range of the legacy part within the flexible bandwidth is also flexible. 
The specification of the BS REFSENS is not obvious for the flexible bandwidth: the present RMCs are mapped to disjoint frequency ranges with a width of 25 resource blocks each. This can be used for bandwidths that are multiples of 5 MHz but not relevant if this is not the case. Moreover, similarly to the DL case, an UL physical channel specification would be needed for new UEs for a relevant specification of the BS REFSENS. 
4 Conclusions

The impacts on RF requirements cannot be concluded without a RAN1 specification of the physical channels. 
The system and performance gains of the proposed flexible bandwidth cannot be properly assessed in the absence of a RAN1 specification: the gains are not necessarily just a relation between a specific operator block size and a legacy LTE bandwidth. Alternatively, standard carrier aggregation can be used; then the aggregate UE bandwidth can be larger than the legacy LTE bandwidths assumed in the flexible-bandwidth proposal, which gives performance gains even though the entire operator block may not be fully utilized. It is recognised that not all UEs support intra-band CA of BW class B, but this alternative would not require new UEs.
The study item is scheduled to be completed in two RAN4 meeting cycles. To this end, RAN should be informed the study item cannot be concluded without a RAN1 specification. RAN should further discuss flexible-bandwidth proposals. 
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