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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#85 [1], following working assumptions on subcarrier spacing are agreed.
Working assumptions:
· RAN1 concludes on alternative 1 (15 kHz) as the baseline design assumption for the NR numerology
· RAN1 concludes on scale factor N=2n for subcarrier spacing as the baseline design assumption for the NR numerology
In addition, followings are agreed for NR carrier bandwidth and multiplexing of different numerology within a same NR carrier bandwidth.
Agreements:
· NR should support of flexible NW and UE channel bandwidth
· FFS: NR carrier bandwidth should consider to allow efficient unlicensed spectrum access
· The NR physical-layer design should allow for fine granularity in terms of NR carrier bandwidth
· The NR physical-layer design should be such that devices with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth
· FFS: minimum bandwidth
· FFS: There should not be an assumption that devices necessarily support the same set of bandwidths for transmission and reception
· FFS: There should not be an assumption that the network carrier bandwidth is necessarily the same for downlink and uplink
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
Based on the above working assumptions and agreements taking into account, this contribution discusses some aspects on the physical resource block (PRB) for NR.
Discussion
PRB size for different subcarrier spacing
In LTE, the smallest time/frequency unit possible to allocate to a use for data transmission is referred to as a “physical resource block (PRB)”. In frequency domain, a PRB consists of multiple subcarriers, occupying a total bandwidth of BWPRB=Mf, where M is the number of subcarriers in a PRB and f is the subcarrier spacing. It would be better to be a starting point that the number of resource elements (REs) in a PRB is roughly same as LTE regardless of subcarrier spacing as the reason of PRB size is coming from data size granularity [2]. This could be applied to eMBB and mMTC. The PRB size for URLLC needs separate discussion.
For different subcarrier spacing, frequency domain granularity of a PRB is scaled based on that for 15 kHz subcarrier spacing. There are two approaches on scaling of frequency granularity of a PRB according to subcarrier spacing. 
· Approach 1: Bandwidth BWPRB of a PRB is same regardless of the subcarrier spacing
In this case, in order to keep the same number of REs in a PRB as LTE, time-domain granularity of a PRB is required to be same as that for 15 kHz subcarrier spacing (i.e., 1ms) regardless of subcarrier spacing as number M of subcarriers in a PRB is reduced as subcarrier spacing increases. This approach cannot reduce the latency when higher subcarrier spacing is used. 
· Approach 2: The number M of subcarriers in a PRB is same regardless of subcarrier spacing 
In this case, bandwidth BWPRB of a PRB is scaled with subcarrier spacing and time-domain granularity of a PRB is downscaled with subcarrier spacing keeping the same number of REs in a PRB as LTE.
We see the need of the latency reduction when higher subcarrier spacing is used. The higher subcarrier spacing is more used in higher operating frequency like millimetre wave. Therefore, we propose to take approach 2.
Proposal 1: The number of REs in a PRB is roughly same as LTE regardless of subcarrier spacing for eMBB and mMTC.
Proposal 2: The number M of subcarriers in a PRB is same regardless of subcarrier spacing for eMBB and mMTC.

PRB boundary for different subcarrier spacing
Multiplexing different numerologies within a same NR carrier bandwidth is supported for NR. FDM and/or TDM multiplexing can be considered based on the agreement in RAN1#85. When approach 2 (i.e., the number M of subcarriers in a PRB is same regardless of subcarrier spacing) is taken, there are two alternatives on PRB boundary alignment for different subcarrier numerologies (subcarrier spacings) as shown in Fig. 1.
· Alternative 1: PRB (and multiple of PRBs) boundary among numerologies are aligned. Possible guard is realized by rate matching and/or puncturing.
RAN1 working assumption on the scale factor of N=2n for subcarrier spacing can allow efficient multiplexing of different numerologies assuming no guard subcarrier between different subcarrier spacing. In addition, Alt.1 allows centre frequency of each numerology to be fixed, leading to ease RF component cost. There may also have the possibility that part of IFFT/FFT operation is shared among numerologies. Furthermore, Alt.1 would allow several designs to be simplified such as interference coordination among cells and RS design. On the other hand, when guard band is needed between different numerologies, part of PRBs is required to be rate matched or punctured.
· Alternative 2: PRB (and multiple of PRBs) boundary among numerologies are not aligned. Possible guard is realized by the offset among numerologies.
The centre frequency of each numerology is shifted depending on the requirement. FFT/IFFT sharing among numerologies is not considered. Alt.2 allows large flexibility of centre carrier shifting depending on number of guard subcarriers while more RF complexity would be required related to multiple centre carrier shifting.
We propose to take alternative 1.
Proposal 3: PRB boundary is aligned among numerologies. Possible guard is realized by rate matching and/or puncturing.
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(a) Alternative 1
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(b) Alternative 2
Fig.1	PRB boundary for different subcarrier spacing

DC subcarrier
In LTE, centre DC subcarrier is handled differently between downlink and uplink. Carrier centre DC subcarrier is nulled for downlink, while subcarriers in the uplink are frequency shifted by half subcarrier (+/- 7.5 kHz) for uplink. This means the PRB boundary is not aligned between uplink and downlink. Considering dynamic TDD operation and finer interference management to align PRB boundary between uplink and downlink would be useful. This is also valid to sidelink case.
Similar to eMTC or NB-IoT in LTE, all UEs’ centres are not aligned in NR. The centre subcarrier is nulled as the performance requirement can be RAN4 discussion. PRB boundary itself should not be influenced by DC subcarrier insertion.
Proposal 4: Centre DC subcarrier handling is same among downlink, uplink and sidelink.
Proposal 5: PRB boundary position should not be influenced by DC subcarrier insertion. If one carrier needs to be nulled, it is realized by rate matching and/or puncturing.

PRB boundary for different carrier bandwidth
In LTE, when system bandwidth is odd number of PRBs like 3, 5 and 15 MHz, DC subcarrier is located in the centre of PRB. DC subcarrier is located in the boundary of PRB when system bandwidth is even number of PRBs like 1.4, 10, and 20 MHz. Such design allows all PRB sizes are similar over the frequency ranges including at the edge of system bandwidth. It also simplifies the PRB index. However, it makes more complicated handling when UE’s DC is not NW centre. For Rel. 8 LTE in all UE’s centre is aligned with NW centre is assumed, to simplify the PRB index and not to have poor use of size of PRB would be more important criteria. On the other hand, in case to multiplex different bandwidth and different frequency offset from the NW centre, to have different PRB boundary position compared with the system centre makes more candidate of the receiver centre. This makes RF component more complex. In this case, to have the same PRB boundary position as the system centre (i.e., apply uplink or downlink even PRB method) may be simpler regardless of carrier bandwidth. The band edge of poor use of size of PRB would be handled by rate-matching or puncturing similar to Alternative 1 of guard subcarrier handling in PRB boundary alignment for among different numerologies.
Proposal 6: Common PRB boundary position should be used regardless of the system bandwidth is odd number of PRBs or even number of PRBs.

PRB size
In LTE, PRB size of 180 kHz with M=12 is used. For 15 kHz subcarrier spacing in NR, to keep the same frequency domain granularity of a PRB as LTE, that is BWPRB(15kHz)=180 kHz with M=12, would be a straightforward approach of PRB size also for NR. There are several merits, for example, efficient multiplexing of NB-IoT would be possible. Tight interworking with LTE would be simpler assuming the same PRB boundary as LTE. PRB size of 12 subcarriers which is dividable by 2, 3, 4, and 6 could have benefit from channel design point of view. However, considering channel raster of 100 kHz, the next raster position of 100 kHz apart is not aligned with next PRB. Only after 900 kHz apart, PRB boundary and raster boundary are aligned. In case of 60 kHz subcarrier spacing, 60 kHz x 12 = 720 kHz and then raster alignment is 3.6 MHz.
On the other hand, if PRB boundary alignment with LTE is deprioritized for NR, PRB size well aligned with channel raster would simplify several designs such as RF component and above mentioned PRB boundary alignment. For example, Fig.2 illustrates 150 kHz PRB size (M=10 subcarriers) for 15 kHz subcarrier spacing. DC subcarrier is always boundary of PRBs. PRB size is 150 kHz. UE A, UE B and UE C are located by 300 kHz boundary (i.e., any location of UE does not require fractional PRB adjustment of UE’s DC). At the power-on, UE searches 100 kHz boundary anywhere. Then, always PRB boundary is aligned with the detected frequency position. As far as 100 kHz and multiple of 15 kHz is realized by smaller granularity, UE is not required to have additional channel raster, which simplifies RF component when UE is not located in the centre of the carrier. 300 kHz for 30 kHz subcarrier spacing and 600 kHz for 60 kHz subcarrier spacing are still aligned with 100 kHz raster and it can ease RF component cost. 
Another approach would be raster granularity itself is modified to the granularity of multiple of 15 kHz.
Proposal 7: PRB size well aligned with channel raster could be consider to simplify the RF component of UE.
[bookmark: _GoBack][image: ]
Fig.2	Example of 150 kHz PRB size.

Conclusion
In this contribution, we discussed several aspects on the PRB for NR and we have the following proposals:
Proposal 1: The number of REs in a PRB is roughly same as LTE regardless of subcarrier spacing for eMBB and mMTC.
Proposal 2: The number M of subcarriers in a PRB is same regardless of subcarrier spacing for eMBB and mMTC.
Proposal 3: PRB boundary is aligned among numerologies. Possible guard is realized by rate matching and/or puncturing..
Proposal 4: Centre DC subcarrier handling is same among downlink, uplink and sidelink.
Proposal 5: PRB boundary position should not be influenced by DC subcarrier insertion. If one carrier needs to be nulled, it is realized by rate matching and/or puncturing.
Proposal 6: Common PRB boundary position should be used regardless of the system bandwidth is odd number of PRBs or even number of PRBs.
Proposal 7: PRB size well aligned with channel raster could be consider to simplify the RF component of UE.
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