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Discussion
1
Introduction
An objective of the NR study item [1] is to identify and develop technology components needed for NR systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
In 3GPP RAN1#85 meeting it was agreed that multiplexing multiple numerologies within a same NR carrier bandwidth (from network perspective) is supported. FDM and/or TDM multiplexing are considered as potential multiplexing schemes for the mixed numerology [3].
	Agreements:
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs

· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported
· FDM and/or TDM multiplexing can be considered


In this contribution we consider resource block and guard band arrangement supporting FDM between different numerologies within a same NR carrier.

2
On the need for multiple numerologies
Using different numerologies within the same carrier is motivated by providing optimized radio access for different services, e.g. for enhanced mobile broadband (eMBB), ultra-reliable and ultra-low-latency (URLLC) services and massive machine-type communication (mMTC). 
For non-MTC services, multiple numerologies, specifically multiple subcarrier spacings and CP lengths may be needed: 

·    URLLC may require higher subcarrier spacing option to achieve latency targets

·    High speed train scenarios may require higher subcarrier spacing option to alleviate high Doppler

·    Longer CP (and smaller subcarrier spacing) may be needed for scenarios with large delay spread.
Subcarrier spacing needs to be increased as a function of carrier frequency due to: 

·    Effect of oscillator phase noise increases quadratically with carrier frequency

·    Maximum Doppler frequency increases linearly with carrier frequency 

·    Beamforming, especially beam sweeping of common channels, at higher carrier frequencies requires short symbols in order to keep overhead low

·    Available spectrum and channel bandwidth increases with carrier frequency. Higher subcarrier spacing supports increased channel bandwidth with reasonable (I)FFT implementation complexity.

Table 1 below provides an exemplary set of numerologies as a function of carrier frequency for non-MTC services. To be able to multiplex different numerologies in FDM manner symbol alignment between different numerologies needs to be maintained as discussed and proposed in [5]. This is done by decreasing the CP length with the same power of two scaling factor (N) as subcarrier spacing is increased. 
Table 1 Example numerologies as a function of carrier frequency.

	
	< 6 GHz
	6-40 GHz

	Subcarrier spacing [kHz]
	15
	30
	60
	60
	120
	240

	Cyclic prefix [us]
	4.8
	2.4
	1.2
	1.2
	0.6
	0.3


3
Resource block arrangement
As discussed above, with scalable numerology time domain parameters such as symbol length and CP length are scaled down (compared to LTE) by parameter N, whereas subcarrier spacing are scaled up by parameter N. Figure 2 illustrates resource element space for scalable numerology. One resource unit corresponds to X symbols in time and Y subcarriers in frequency. In the current example, X=7 and Y=12. As discussed in [7], time interval X can be called as subframe. It can be noted that:

•
The size of one resource unit, X*Y is common for all numerologies (84 resource elements in the current example)

•
The duration and bandwidth of one resource unit varies according to selected numerology.
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Figure 1 Resource element space for scalable numerology. One resource unit corresponds to X symbols in time and Y subcarriers in frequency, X=7, Y=12 in the current example.
From resource allocation point of view it is beneficial to aim at scalable numerology, where dimensions of the one allocation unit (in terms of number of OFDM symbols X and the number of subcarriers Y) remain unchanged regardless of the selected numerology. For example, it allows usage of the common design for different control/RS structures as well as common resource assignment design independently from the selected numerology option. Furthermore, it’s beneficial to maximize the commonality to LTE, when using 15 kHz subcarrier spacing. Therefore, we propose to adopt PRB definition where PRB size in frequency is 12 subcarriers.

Observation #1:  One PRB with X symbols in time and Y subcarriers in frequency results in different absolute resource unit sizes among different numerologies. 
Proposal #1: The size of one physical resource block (PRB) in the terms of number of resource element is common for all numerologies. 
Proposal #2: Adopt PRB definition where PRB size in frequency is 12 subcarriers (Y=12)

4
Guard band 
In [6] we propose to define a resource block group (RBG) that has a common absolute size in both time and frequency domain across different numerologies. RBG consist of multiple PRBs and it defines the minimum granularity for variable numerology within a same NR carrier bandwidth. 

·    Only one numerology can be applied within RBG
·    Different (or same) numerologies can be applied for different RBGs
·    RBG granularity is used when coordinating interference and usage of different numerologies among neighbouring cells.

Proposal #3: RBG has a common absolute size in both time and frequency and it defines the minimum granularity for variable numerology within a same NR carrier bandwidth. 

Different numerologies need to be separated by guard band (such as guard subcarriers) in frequency in order to avoid interference between different numerologies. Resource allocation grid needs to be unchanged regardless of the selected numerology combinations in cell because otherwise  it’s difficult to achieve subcarrier domain alignment needed for preferred reference signal design and also resource allocation may be very complicated.

Observation #2: Resource allocation grid needs to be unchanged regardless of the selected numerology combinations
In order to keep resource allocation grid unchanged regardless on the selected numerologies, each RBG needs to have inbuilt support for guard band.  When UE is receiving or transmitting signal via certain RBG, it needs to know the presence of guard subcarriers in the current RBG (in other words, guard band may or may not be included for certain RGB). 
Proposal #4: RBG needs to have inbuilt support for guard band.
In order to minimize complexity, guard band should be defined in such that the size is an integer multiple of PRBs or a predetermined fraction of PRB. In the case when guard band is defined as a fraction of PRB, fraction should be selected in such that DMRS structure can be kept as unchanged as possible. Typically DMRS contains multiple layers separated either FDM or CDM, and the fraction of PRB should include all DMRS layers. Both approaches leads to problem that guard band overhead increases significantly for larger subcarrier numerology options and may not be feasible. The overhead problem can be alleviated by a realization wherein there is no guard band within RBGs configured with the numerology of the largest subcarrier spacing option and guard bands are allocated on RBGs of lower subcarrier spacing numerology option.  This is illustrated in Figure 2.
Proposal #5: Guard bands are allocated on RBGs corresponding to lower subcarrier spacing numerology option.

[image: image2]
Figure 2  Example  of guard band definition by means of fractional PRBs. Different colors present different DMRS layers, RPG size = 720 kHz.
5
Conclusion
In this contribution we discussed resource block and guard band arrangement supporting FDM between different numerologies within a same NR carrier.  Based on the discussion the following observations and proposals are made: 
Observation #1:  One PRB with X symbols in time and Y subcarriers in frequency results in different absolute resource unit sizes among different numerologies. 
Observation #2: Resource allocation grid needs to be unchanged regardless of the selected numerology combinations
Proposal #1: The size of one physical resource block (PRB) in the terms of number of resource element is common for all numerologies. 
Proposal #2: Adopt PRB definition where PRB size in frequency is 12 subcarriers (Y=12)

Proposal #3: RBG has a common absolute size in both time and frequency and it defines the minimum granularity for variable numerology within a same NR carrier bandwidth. 

Proposal #4: RBG needs to have inbuilt support for guard band

Proposal #5: Guard bands are allocated on RBGs corresponding to lower subcarrier spacing numerology option.
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