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1
Introduction
This paper discusses the concept of defining requirements for UE Tx and Rx bandwidths.
2
Discussion

2.1
Spectrum block size considerations

With focus here on the sub-6GHz bands, it seems clear that there could be large variations in the amount of spectrum allocated to an operator within a given band, and that largely this would also depend on the size of the band, with more contiguous spectrum being generally available at higher frequencies compared to lower frequencies. For example in sub-1GHz to 2GHz, 5-20MHz contiguous bandwidth for an operator may be typical, increasing to maybe 30-80MHz in bands above 3GHz. 
Observation: Spectrum allocations of quite different sizes will be operated in real networks in the sub-6GHz frequency range.

2.2
What drives UE Tx/Rx bandwidths to map to spectrum block sizes?

In LTE, the set of channel bandwidths supported by the UE and network were aligned. When spectrum blocks larger than a given channel bandwidth were allocated, operators typically deployed 2 channels in that spectrum block, with each UE traditionally only operating on one or the other block. With the introduction of intra-band contiguous LTE Carrier Aggregation feature, this enabled operators to maximize the peak data rate that could be offered to a user in a given location within a contiguous spectrum block to correspond to the size of that block, and also enabled more effective usage of the overall spectrum block due to statistical multiplexing gains leading to efficiencies in scheduling traffic. Given that CA in general is probably the mostly used and demanded feature in LTE, maximizing the bandwidth that a single UE is able to receive within a spectrum block will obviously continue to be important for NR operation. 
Observation: Enabling UE operated Tx/Rx bandwidth to match with the size of the operated spectrum block will continue to be important in NR.
2.3
Consideration of very granular UE Tx bandwidth sizes
For the LTE UE, and likely to be the case for the NR UE, there will be flexibility to increase the size of the UE transmitted bandwidth on a resource block level. For requirements such as maximum output power, different UE transmission bandwidth configurations (numbers of RBs) are tested against the fixed OOBE requirements for each operated bandwidth, with a given maximum output power requirement. Typically as number of RBs increases, more MPR is allowed. This is essentially the opposite of defining a set of OOBE requirements for each size of UE transmitted bandwidth (increasing in steps) for a fixed maximum output power . 
It is also clear that the UE Tx performance is independent of a given defined “channel bandwidth”, and the only thing mapping the UE Rx blocking and ACS requirements to a given channel bandwidth is the fact that the UE is mandated to receive the full defined channel bandwidth.
Clearly, the more granularity required, the more testing is required, and this needs to be a consideration versus the practical benefits.

Observation: UE Tx requirements today for LTE are defined with more granularity than per “existing channel bandwidth” as defined by the radio protocol stack. It seems the same could apply for NR, and be independent of the number of RBs operated by the Base Station.  
2.4
Flexible operated bandwidth

The flexible bandwidth concept assumes that the UE Tx and Rx bandwidth may be different from the BS Tx bandwidth. Such a concept is already in principle applicable today in LTE by a UE transmitting/receiving on a single carrier which is deployed in a contiguous block of 2 carriers, but today the UE reception is confined to a per-carrier level. The limitation is that this concept does not allow the peak data rate of the device to be maximised, and does not give full flexibility for the Base Station to transmit the number of RBs that it would like within a spectrum block. Therefore, for a given UE nominal Rx bandwidth, the following scenarios as depicted in Figure 1 could be considered. 
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Figure 1: UE Rx operating bandwidth scenarios

With scenario 1, it seems clear that the UE could potentially experience high Rx blocking from operator 2 Base Station, and the amount of potential Rx blocking clearly increases as the UE nominal bandwidth increases with respect to the served operator spectrum block size. However, such degradation could be detected by the Operator 1 Base Station based on CSI reports and the UE receive bandwidth adjusted to be smaller. For the UE Tx, then requirements would need to be defined such that performance at the edge of the spectrum block can be predicted.

With scenario 2, there seems to be no extreme problem, except that the experienced data rate of the UE is lower than the data rate that could have been received if it has received all of the RBs from the Base Station. Also if the UE received bandwidth is much lower than the size of the spectrum block, then this could severely restrict the Base Station scheduler. 
Observation: Both of these scenarios suggest that we can rely on flexible bandwidth to some degree, but that there should be a sufficient level of granularity in UE nominal bandwidths to maximise UE data rate performance within a spectrum block.
3
Proposal for NR UE Tx/Rx bandwidth concept
3.1
Principles
1) RAN4 OOBE requirements for operated transmission bandwidth configurations can be reasonably granular, and independent of the UE Rx bandwidth, and independent of any “channel bandwidth”.
2) UE Rx bandwidth should be allowed to be independent of the number of RBs transmitted by the Base Station. 

3) RAN4 should be flexible to add sufficient number of nominal Tx and Rx bandwidths to map (roughly) with spectrum block allocations of operators, depending on market need.
4) Different sets of UE nominal channel bandwidths should be able to be applied for different frequency bands/ranges.

5) For the initial specification phase, RAN4 does not need to define all of the potential UE Rx and Tx bandwidths that may be needed, in the same way that all of the potential LTE intraband contiguous combinations were not defined by RAN4 for each band. Additional UE nominal Tx and Rx bandwiths can be added as deployments evolve. There seems no benefit of intraband contiguous CA if RAN4 is flexible to define nominal channel bandwidths depending on need.
3.2
Which UE Rx bandwidths to define initially
We propose the following UE nominal Rx bandwidths to be defined for NR:

· 5MHz, 10MHz, 15MHz, 20MHz to be defined for sub-3GHz bands

· 20MHz, 40MHz, 50MHz, 60MHz, 80MHz to be defined for above 3-5GHz bands. 
The actual UE Rx bandwidths specified in the initial specification Release could be further optimised as new spectrum allocations become more clear. 
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