
3GPP TSG RAN WG1 Meeting #87

R1-1611697
Reno, USA 14th - 18th November 2016
Source:
Guangdong OPPO Mobile Telecom
Title:
Discussion of the UE support of multiple numerologies
Agenda Item:
7.1.1
Document for:
Discussion and Decision
1 Introduction
One of the major differences of from LTE to NR is the support of multiple numerologies. From system perspective, different services with various requirements can be optimized by assigning proper numerology.  Plenty of investigations have been carried out in RAN1 to evaluate system benefits and impacts by introducing multiple numerologies. 
In RAN1-76 bis meeting, many agreements haves been reached regarding UE support of multiple numerologies and bandwidth:

“Agreements:
· At least for Phase 1, study mechanisms to support operation over e.g. around 1GHz contiguous spectrum from both NW and UE perspectives including the maximum single carrier bandwidth of at least 80 MHz

· Carrier Aggregation/Dual Connectivity (Multi-carrier approach) 
· Details are FFS
· FFS: non-contiguous spectrum case
· Single carrier operation 
· Details are FFS 
· Maximum channel bandwidth continues to be studied in RAN1/4
· Maximum bandwidth supported by some UE capabilities/categories may be less than channel bandwidth of serving single carrier

Note that some UE capabilities/categories may support channel bandwidth of serving single carrier”
“Agreements:
· At least for single carrier operation, NR should allow a UE to operate in a way where it receives at least downlink control information in a first RF bandwidth and where the UE is not expected to receive in a second RF bandwidth that is larger than the first RF bandwidth within less than X µs (FFS: value of X)

· FFS the first RF bandwidth is within the second RF bandwidth

· FFS the first RF bandwidth is at the center of the second RF bandwidth

· FFS the maximal ratio of the first RF bandwidth over the second RF bandwidth

· FFS detailed mechanism

FFS RF bandwidth adaptation for RRM measurement”
However, only limited attentions are paid to UE implementation difficulties and complexities due to the support of multiple numerologies, which is the focus of this paper.
2 UE capability to support multiple numerology and carrier bandwidth

In NR, UE supported band, numerology and carrier bandwidth are three connected concepts. When NR carrier is assigned to high frequency band, for example above 20G Hz, the carrier bandwidth may be very wide, above 80M Hz, and larger subcarrier spacing will be used. From UE implementation perspective, the support of large carrier bandwidth will result adopting expensive RF design and the use of high speed AD/DA components. Besides, larger carrier bandwidth and subcarrier spacing (numerology) may require UE to use multiple FFT in the baseband processing (current LTE is based on single 1024-FFT in the baseband). Therefore the support of multiple carrier bandwidth and numerology actually relate to the UE capability. Then we have the following proposal:

Proposal 1: Introduce UE capability report for UE support of multiple carrier bandwidth and numerologies
In RAN1 76 bis meeting, the possibility of UE supported bandwidth being less than the system carrier bandwidth has been discussed. From system design perspective, it is important to guarantee that system information and cell level common control information can be received by all UE capability/categories.  
Proposal 2: System information broadcasting and common control channel should accommodate all UE capabilities/categories
3 AGC settling time on the UE side 
Automatic Gain Control (AGC) can adjust the gain of amplifier according to the input signal strength. With AGC, when the input signal is very weak, the gain can be increased and when the input signal is too strong, the gain can be decreased.  AGC can keep amplifier output signal to be stable and make the most use of amplifier potential. So AGC is an essential part of RF implementation. Although AGC is required on both base station and UE side, AGC on the UE side is generally more cost sensitive. So on discussing UE RF implementation, AGC is an important factor.

The function of AGC is generally implemented by the AGC circuit loop, which requires some time for the circuit loop to work stable. This kind of time is called AGC settling time. On LTE Release-12 D2D discussion, AGC settling time on UE side is assumed within 1 symbol time (66.67 us)[1].  

In RAN1-85 meeting, one important agreed working assumption is that the subcarrier spacing will be 15k Hz*2^n[2]. If LTE numerology logic is followed, the symbol duration will be 66.67us/2^n. One example is that if 120K Hz subcarrier is adopted, symbol duration will be 1/8 of LTE symbol. With this level of symbol duration, it is not clear whether AGC settling time can still be done within one symbol. If it is not, then the transmit/receive signal strength of the 1st symbol will be severely affected. Therefore AGC settling time on the UE side has important RAN1 impact. But the AGC settling time is typical RAN4 discussion scope. Thus we have the following proposal:
 Proposal 3: RAN1 asks RAN4 for UE AGC settling time guidance regarding new numerology
4 Conclusions

In this contribution, we discuss implementation difficulties and complexities due to the support of multiple numerologies and have following proposals:
Proposal 1: Introduce UE capability report for UE support of multiple carrier bandwidth and numerology 
Proposal 2: System information broadcasting and common control channel should accommodate all UE capabilities/categories
Proposal 3: RAN1 asks RAN4 for UE AGC settling time guidance regarding new numerology
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