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1. Introduction
UL for NR supports two waveforms, DFT-S-OFDM and CP-OFDM. In [1] we discuss the differences between these signals. One aspect that has not been discussed in RAN4 are non-contiguous allocations. In this paper we outline what different allocations types there are for LTE and what is the outlook for NR. We also propose how to handle NC allocations in NR.
2. Discussion
In LTE, there are type 0 and type 1 allocations. Type 1 allocations allow up to two clusters of RB placed anywhere inside one CC. This is often referred as “Multiclusters within CC”. For 20 MHz LTE, RB cluster size is minimum 4. In LTE, there is also feature called “Simultaneous PUCCH and PUSCH” where RB(s) with control channel can be allocated simultaneously with RBs with data channel. In intra-band contiguous UL CA, both CC can be allocated without any restrictions based on other CC allocations. In Figure 2 we illustrate these cases. 
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Figure 1 Different cases how LTE UL can have non contiguous allocations

Non-contiguous allocations create IMD products that may land outside the channel and therefore may violate emission requirements. To enable reasonable design, maximum power backoff is allowed for the UE. The amount of back off is discussed RAN4 based on agreed simulation methods and parameters. Typically different companies come up with different values because they use different PA models and there some differences like how power control errors are handled. Reference design for MPR and A-MPR is Linear PA with fixed supply voltage where OOB emissions degrade with back off similarly as a theoretical IMD3 or IMD would. The requirements are set so that a design that barely meets general emissions requirements, should meet any new emission requirements. Intent of this method was to ease the burden of design process by setting the baseline transmitter requirements by general requirements. Then designer would not need to worry about all special cases separately. However, this type of transmitter is very rare in real implementation. 

Observation 1: General emission requirements set the baseline for transmitter linearity   

Typically, in real implementation at least PA supply voltage is generated with a power saving adjustable DC-DC converter and supply voltage is lowered with output power. Additionally, PA bias can be adjusted and furthermore more advanced power saving techniques such as Envelope tracking are used widely within industry. For these efficiency improvement methods, OOB emissions may not behave exactly as in RAN4 refence design. This itself is not a problem, since efficiency enhancement should not be done with an expense of emission performance but since the emission behaviour of these realistic transmitter architectures is not similar to the reference design, designers must design separately for each emission requirement in the spec.
Observation 2: Real transmitter implementations behave differently than RAN4 reference design. 

Observation 3: Real transmitter must be designed for each additional emission requirement separately 
For every case mentioned in Figure 1, UE capability is optional. Therefore, UE does not need to be designed for non contiguous allocations in general but a design choice can be made to support special cases, like UL CA. As of 36.101 v14.3, there are 30 NS values with additional emission requirements. None of them have A-MPR for non contiguous RB allocations specified but for every CA_NS value, non contiguous A-MPR is defined. This makes sense since with UL CA support, NC allocations can not be avoided but without it, UE can declare not to support type 1 allocations. 

Observation 4: For LTE, UE manufacturer can choose to design for non contiguous allocations case by case 

With NR, new signal type, CP-OFDM for UL has been agreed. In some discussions, it is assumed that this means ultimate scheduling flexibility and any type of allocation is possible. In theory, this may be true but supporting CP-OFMD does not automatically mean that non-contiguous allocations are needed. WiFi uses CP-OFMD and never schedules non-contiguous allocations. Similarly, in some discussions it is mentioned that non-contiguous allocations are needed to enable “scheduler flexibility” but what benefits this brings is unclear and has not been discussed in 3GPP and if those benefit the system or only some parts of it. As we have explained, supporting NC allocations is very painfull from UE design point of view and we hope it is clear that work amount it for RAN4 is huge since already agreeing NRB for different SCS is difficult.     
Observation 5: Building support for non-contiguous allocations for UL in UE is painful process
Observation 6: Benefit of non-contiguous allocations are not proven
Considering 3GPP NR schedule and the lack of understanding on the benefits for the non contiguous allocations, we propose that RAN4 does not develop requirements for non contiguous allocations for DFT-S-OFDM or CP-OFDM for rel-15 and support for non contiguous allocations is optional for UL.
Proposal 1: Requirements for non-contiguous allocations for UL are not developed within Rel-15 for NR.

Proposal 2: Support for non-contiguous allocations is optional for UL.  

3. Conclusion
Non-contiguous allocation cases for LTE were discussed and problems in implementing support for NC allocations for the UE and for the 3GPP requirements was highlighted. It was also concluded that benefit or necessity of non-contiguous allocations has not been proven. Based on all six observations, we made two proposals:

Proposal 1: Requirements for non contiguous allocations for UL are not developed within Rel-15 for NR.

Proposal 2: Support for non contiguous allocations is optional for UL.  
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