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1	Introduction
 This contribution provides our view on NR duplex mode and NR band definition for sub-6GHz.

2	Discussion
2.1 Duplex mode
FDD and TDD have unique characteristics one over the other. In earlier stage in LTE deployment, FDD had been the dominant duplex method. However, TDD had been introduced on BAND 38, 39, 40, etc. starting from mid-2010. Since then both FDD and TDD have been two favourable duplex techniques.

Dynamic Bandwidth Allocation
An advantageous aspect is that TDD has more flexible to support key NR features which requires dynamic bandwidth allocation. Unlink FDD which requires a pair of spectrum, TDD only needs a single spectrum for both downlink and uplink which provides greater flexibility for adaptation to variable global spectrum allocations. For MTC or V2V/V2X as an example, bandwidth will be very dynamic. Most of bandwidth requires for UL at one time, but the same device would need most of traffics for DL at the other time. Also NSA operation would be another example in which TDD enables dynamic spectrum allocation of DL and UL resources to support asymmetric DL/UL traffic efficiently.

Front-End Loss, Size, and Cost
In mm-Wave frequency range, we are expecting to combat with higher noise figure and it would be critical to eliminate front-end losses as much as possible. FDD requires a duplexer to protect the sensitive receiver signal from transmitter noise as well as other interferences and blockers. In current LTE system, insertion loss of a duplexer is 1.5 – 2.0 dB depending on operating bands. Even with technology evolving, this loss would be one of the largest portions in front-end loss. By nature of Tx/Rx switching in TDD, it is possible to replace this duplexer loss with Tx/Rx switch loss which is normally 0.3 – 0.5dB. By adopting TDD, we could take the advantage of more than 1dB in front-end loss.

On size perspective, TDD also has an advantage over FDD. Considering NR supports very broadband signal compared to any other existing communication technologies, the rejection requirement of a duplexer in NR bands would be very challenging in terms of Q-factor. With high-Q requirement, a duplexer should be implemented in discrete off-chip type. In TDD, a typical switch could be integrated in on-chip which saves total foot-print of RF front-end.

Cell Coverage and Battery Life
Due to a switching nature of TDD, cell coverage of TDD would be smaller than FDD. In LTE system, a PA output power for TDD LTE needs to be 1dB bigger than FDD LTE PA to achieve the same cell coverage. In NR which operates mm-Wave, shrinking cell coverage is expected and generating higher output power would be feasible with evolving PA technology.

In battery life perspective, a PA in FDD would consume larger amount of energy to overcome a duplexer loss which makes the PA in FDD inefficiency compared to a PA in TDD.

A summary of characteristics of TDD and FDD is shown in Table 1.

	
	TDD
	FDD

	UL/DL Symmetry
	Support Asymmetrical UL/DL
	Usually 50/50

	Dynamic Bandwidth Allocation
	Support
	None

	Front-End Loss
	Lower
	Higher

	Front-End Size
	Smaller
	Larger

	Front-End Cost
	Relatively Cheap
	Relatively Expensive

	Cell Coverage
	Smaller
	Larger

	Battery Life
	Could be longer than FDD
	Could be shorter than TDD

	Latency
	Depends on range; Tx/Rx switching time
	Little or none


Table 1. A summary of characteristics of TDD and FDD.


As described above, FDD and TDD have unique characteristics one over the other. To enable key NR features, TDD is more suitable method at least for new NR spectrums. 

Proposal 1: TDD should be adapted exclusively for new spectrums to enable key NR features.


2.2 New bands for NR 
In current LTE there are 51 bands and more than 800 CA/DC band combinations. The following figure shows the current LTE bands, CA, and the issues of LTE band structure [1]. Since there are so many different bands, UE needs to support many bands for global roaming. It is extremely complicated for UE implementation in order to support so many bands and CA.

[image: ]Figure 1. LTE bands, CA, and issues of LTE band structure
 

Companies provided initial inputs of possible frequency ranges or bands for NR deployment in the last RAN4 adhoc meeting. The following table summarizes the possible frequency ranges [2]. Other frequency ranges are not precluded.

	Company
	R4-1700xxx
	Proposal

	Sprint, CTC, C-Spire, China Unicom
	255
	2496MHz – 2690MHz

	China Telecom
	256
	824- 849MHz/869 – 894MHz, 1920 – 1980MHz/2110 – 2170MHz, 1710 – 1785MHz/1805 – 1880MHz, 2496 – 2690MHz, 3300 - 3400MHz, 3400 – 3600MHz, 4400 - 4500MHz, 4800 - 4990MHz

	AT&T
	034
	37-37.6GHz, 37.6-40GHz

	DISH Network
	193
	12.2-12.7GHz

	Orange
	194
	703-748MHz/758-803MHz, 832–862MHz/791-821MHz、1920-1980MHz/2110-2170MHz,1710-1785MHz/1805-1880MHz,2500-2570MHz/2620MHz-2690MHz,3400-3600MHz,3600-3800MHz,5.925-8.5GHz,24.25-27.5GHz,31.8-33.4GHz

	KT
	210
	880 – 915MHz/925 – 960MHz, 1920 – 1980MHz/2110 – 2170MHz, 1710 – 1785MHz/1805 – 1880MHz, 2300 – 2400MHz, 3400-3700MHz, 26.5-29.5GHz, 24.25-27.5GHz, 31.8-33.4GHz, 37-40.5GHz

	CMCC
	162
	Around 3.5GHz 

	DOCOMO
	139
	3.3-4.2GHz, 4.4-4.99GHz, 26.5-29.5GHz. 

	China Unicom
	241
	3400 - 3600 MHz,  4800 - 4990 MHz, 4400 – 4500 MHz,  3300 - 3400 MHz,  2496 - 2690 MHz, 24.5 GHz-27.5 GHz, 37 GHz-43.5 GHz

	Verizon, T-mobile
	244
	27.5 – 28.35 GHz

	Etisalat
	267
	1427 – 1518MHz, 3400 - 3600MHz, 10.7 – 11.7GHz, 24.25- 27.5GHz

	Huawei, Hisilicon
	124, 267
	3.3-[3.8GHz~4.2GHz], 4.4-4.99GHz, 24.25-27.5GHz, 26.5-29.5GHz, 37-40GHz, 40.5-43.5GHz, 1427 – 1518MHz, 3400 - 3600MHz

	ZTE
	249
	3.6-3.6GHz, 24.25-27.5GHz

	Ericsson
	255, 162
	2496MHz – 2690MHz, Around 3.5GHz 

	Nokia
	255
	2496MHz – 2690MHz


Table 1. Proposals of NR spectrum from companies


From the above table, it can be seen that the frequency allocations are very diverse. It becomes very important to harmonize the frequency range among different regions/countries, and define as fewer bands as possible. Fewer bands can lead to wider spectrum resources, fewer potential CA combinations, less complexity device implementation, and less standardization work.

2.2.1 NR Band Definition for Sub-6GHz
From the table above, it would be hard to come up with a common band which satisfies all the operators’ need. In this document, we would like to propose below bands as two NR bands:

· Band A: 3.3 – 4.2 GHz
· Band B: 4.4 – 4.99 GHz

[image: ]Figure 2. NR band proposals and existing LTE bands

There are a few existing LTE bands around the NR band proposals; Band 22 (UL 3410 – 3490 MHz; DL 3510 – 3590 MHz), Band 42 (3400-3600MHz), Band 43 (3600 – 3800 MHz), Band 48 (3550 – 3700 MHz), and Band 46 (5150 – 5925 MHz).

Total supporting bandwidth for Band A is 900 MHz and 590 MHz for Band B. There is 200 MHz guard band in between Band A and Band B.

Proposal 2: Define a single band in the frequency range of 3.3 – 4.2 GHz
Proposal 3: Define a single band in the frequency range of 4.4 – 4.99 GHz

2.2.2 Front-end Architecture
Since the supporting bandwidth (900 MHz for Band A; and 590 MHz for Band B) does prevent implementation of an acoustic type of filter with sharp roll-off, co-existence could be a concern depending on the scenarios. We will describe more detail about the scenarios that we could avoid and/or mitigate the potential coexistence problems.

In the front-end architecture, we will use TDD as the duplex mode. Also we will cover the bandwidths with a single PA. We believe that a PA supporting a broadband BW is not a big challenge and fairly common for PA’s in LTE radios to cover large BW’s with switches to route to different filters for each channels or bands. Similar principal also works for LNA to mitigate an interference from other channels or bands.

2.2.3 Co-Existence Scenarios
Since we propose TDD as the duplex mode, a potential co-existence could be a concern. Here we will address two potential scenarios; co-existence within the same band and co-existence across bands. 

Co-existence within the same band case
Let’s consider a co-existence scenario between 3.6 – 3.8 GHz and 3.8 – 4.0 GHz. In LTE, if both carriers belong to the same operator, the operator will ensure proper alignment/synchronization, so that UE won’t be scheduled to Tx on one carrier and Rx on the other carrier at the same time. If these two carriers belong to different operators, operators will either coordinate to use the same UL/DL configuration to avoid UE to UE interference and eNB to eNB interference. We would assume that NR will be in a similar way that coordinate to align the UL/DL configuration.

Proposal 4: To avoid or mitigate a potential co-existence within a same band, NR will be coordinating to align the UL/DL configuration.

Co-existence from adjacent band case
This situation would happen if the both proposed NR spectrums are deployed at the same time. Both Band A (3.3 – 4.2GHz) and Band B (4.4 – 4.99 GHz) are in service for NR. Since there is only 200 MHz band spacing between two bands, a potential co-existence would happen from one to the other at the band edge.
The co-existence avoidance and/or mitigation is the same as in the co-existence within a same band case; Both bands will need to either coordinate to use the same UL/DL configuration or to create a guard band. Additional interference mitigation will be provided by switching of route and filters. There would be a trade-off between using a front-end single filter for an entire band and using the front-end single filter as well as carrier specific filters and routing switches. For higher rejection of interference, it requires additional front-end loss.

Proposal 5: For higher rejection of interference, it requires an additional front-end loss. The trade-off is FFS.

3	Conclusions
In this contribution, we made the following proposals:

Proposal 1: TDD should be adapted exclusively for new spectrums to enable key NR features.
Proposal 2: Define a single band in the frequency range of 3.3 – 4.2 GHz
Proposal 3: Define a single band in the frequency range of 4.4 – 4.99 GHz
Proposal 4: To avoid or mitigate a potential co-existence within a same band, NR will be coordinating to align the UL/DL configuration.
Proposal 5: For higher rejection of interference, it requires an additional front-end loss. The trade-off is FFS.
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