Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting #86bis	R1-1610024
Lisbon, Portugal, 10th – 14th October 2016
Agenda Item:	8.1.2.2
Source:	InterDigital Communications
Title:	On the number of subcarriers per PRB for NR
Document for:	Discussion

Introduction
In RAN1#86 it was agreed that the PRB definition where the number of subcarriers per PRB is the same for all numerologies is supported. The number of subcarriers per PRB for the NR study is 12, 16. The exact number of subcarriers per PRB is to be down-selected in RAN1#86bis.
In this contribution we provide our views on the number of subcarriers per PRB for NR.
Discussion
Coexistence and co-deployment with LTE is a primary design objective for NR. Several agreements have already been made during the NR study item in order to ensure alignment of the NR numerology to that of LTE.
In RAN1#85, a scalable numerology for NR with subcarrier spacing fSC=15*2m kHz was agreed. NR scalable numerology explicitly supports a 15 kHz mode for CP-OFDM. Furthermore, it was agreed that for m=0, i.e. 15 kHz mode, the OFDM symbol boundaries are aligned with the LTE symbol boundaries assuming normal CP. In RAN1#86 it was also agreed that the subframe duration for a reference numerology with subcarrier spacing (2m*15) kHz is exactly 1/2m ms. The subframe duration is defined by the duration of x OFDM symbols given a reference numerology. With the same CP overhead, a single value of x is specified irrespective of the subcarrier spacing value chosen for the reference numerology. The possibility of one data transmission spanning multiple subframe durations or the possibility of multiple data transmission opportunities in time or multiple control transmission opportunities for both DL and UL within a subframe duration are not precluded. A working assumption was taken in RAN1#86 that symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration in a NR carrier. 
There are several reasons why the LTE choice of the number of subcarriers per PRB might be re-considered in the context of NR.
Different when compared to LTE, the PRB based resource allocation for NR must also consider the possibility to use guard tones when multiplexing different OFDM numerologies by means of FDM. Similar to LTE, there are eNB and UE processing aspects to account for, i.e. intra- and inter-cell interference is usually assumed constant over the selected PRB. Similar to LTE, L1 signal design considerations for NR must account for proper dimensioning of the PRB size in terms of the supported number of demodulation reference signals per basic allocation unit, i.e. the number of antenna ports. Unlike LTE, the presence of front-loaded L1 control signaling preceding an NR data allocation in a PRB on the first OFDM symbol must be considered.
For NR devices not supporting the full DL nominal system bandwidth, the choice of 12 or 16 subcarriers per PRB also affects RF design depending on the particular NR numerology mode(s) supported by the device. For LTE 15 kHz with PRB size of 180 kHz, the LTE channel raster of integer multiples of 100 kHz doesn’t allow that all PRB boundaries and raster positions are always aligned. Raster alignment is to some extend also an issue for higher NR OFDM numerologies. 
In our view, there is no choice but to re-use the LTE channel raster also for NR. In case that only a single center-frequency based DL access region, i.e. the PRBs containing the common DL acquisition signals / channels were supported in NR, it would still be possible to adopt a solution similar to NB-IoT. During initial access the frequency offset positions of a selected number of possible anchor PRBs are signaled to R13 NB-IoT devices. We note that in presence of multiple configurable DL access regions for NR in frequency-domain, it will be possible to account for raster alignment.
In consequence, we think that 12 subcarriers per PRB in NR like in LTE is a good choice. For the case of 15 kHz CP-OFDM numerology, tight interworking between LTE and NR in the logic of previous NR agreements to align OFDM symbols and to support a nested subframe duration structure for different numerologies remains a possibility. Designated 15 kHz NR RBGs containing an arbitrary number of PRBs can be aligned with those of 15 kHz neighbor eNBs. In case of 16 subcarriers per PRB, alignment can only be achieved for contiguous 720 kHz BW segments, i.e. only for groups of 4 PRBs using 12 subcarriers. It will be easier and more allocation-efficient to operate R13 NB-IoT in-band and guard-band deployments on NR channels.
Given the RAN1#86 agreement for NR to support CP-OFDM in DL and UL for eMBB and URLCC with a larger transmission bandwidth occupancy ratio than LTE at least up to 40 GHz, some thought needs to be given to DFT-S OFDM as one example for a possible additional low PAPR/CM technique. Unlike LTE, a low PAPR/CM technique in NR may in addition to the UL also be needed for the DL due to small power eNBs. A DFT decomposition of integer multiples of the powers of 2,3 and 5 would nominally not be needed when considering only a single PRB using 16 subcarriers. However, introduction of DFT-S OFDM on top of CP-OFDM would still result in limitations on the number of possible PRBs which can be allocated to a UE, i.e. a power of 2 based DFT decomposition alone will anyway not be sufficient.    

Proposal 1:
The number of subcarriers per PRB is 12 in NR.
Conclusion
In this contribution, we provided our view on the number of subcarriers per PRB in NR. In summary we propose,
Proposal 1:
The number of subcarriers per PRB is 12 in NR.
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