

3GPP TSG RAN WG1 Meeting #84bis		R1-162159
Busan, Korea, April 11-15, 2016

Agenda Item:	8.1.5
Source:	Huawei, HiSilicon
Title:	Deployment of 5G spectrum below 6 GHz
Document for:	Discussion/Decision 

Introduction
International Mobile Telecommunications (IMT) spectrum below 6 GHz has been approved in Nov. 2015 and consists of 8 subbands with bandwidth ranging from 20 MHz up to 315 MHz. Immediate questions for the deployment of such spectrum are what would be the bandwidth or set of possible bandwidth that 5G air interface can assume, and what are the consequences of such bands to the implementation of targeted 5G data rates. Related to those, additional question is how a 5G air interface uses multiple subbands to support various applications.
[bookmark: _Ref129681832]5G spectrum and deployment for below 6 GHz
 Frequency bands potentially to be used by 5G below 6GHz
The frequency bands allocated for International Mobile Telecommunications (IMT) before the World Radiocommunication Conference 2015 (WRC-15), along with newly and globally allocated bands in WRC-15, are provided in Table 1. The next generation RAT 5G may be firstly deployed in these newly allocated frequency bands, and then deployed in the IMT frequency bands allocated before WRC-15, e.g. by migration from UMTS/LTE. 

Table 1. The spectrum allocated for IMT after WRC-15
	Band (MHz)
	Spectrum Amount (MHz)
	Newly (globally) allocated in WRC-15

	450-470
	20
	

	698-960
	262
	Yes. 92 MHz bandwidth from 698-790 MHz frequency

	1427-1518
	91
	Yes

	1710-2025
	315
	

	2110-2200
	90
	

	2300-2400
	100
	

	2500-2690
	190
	

	3400-3600
	200
	Yes

	Total
	1272 MHz
	383 MHz



Spectrum allocation
Initial options for evaluation purpose on the aggregated bandwidth below 6 GHz
Several deployment scenarios with strong relevance to spectrum below 6 GHz have been identified and  captured in TR 38.913 [1]. Some initial options for evaluation purpose have been proposed on the aggregated bandwidth in a scenario-specific way. See Annex for details.
It can be observed from the proposed options on the aggregated bandwidth below 6 GHz that there is a consensus on considering 200 MHz aggregated bandwidth (UL+DL) for around 4 GHz carrier frequency mainly for capacity purpose and 20 MHz aggregated bandwidth for around 700 MHz carrier frequency mainly for coverage purpose. 
Technical aspects concerning the spectrum allocation
· Fulfilling Key Performance Indicators (KPIs) efficiently
The key 5G KPIs of most relevance to the carrier bandwidth include the user plane latency of 0.5 ms, the peak data rate (20 Gbps in downlink and 10 Gbps in uplink), and the massive machine-type communications (mMTC). 
The direct way to meet user plane latency requirement is to have a significantly reduced OFDM symbol duration.  Reduced OFDM symbol duration may lead to the increase of the subcarrier spacing from 15 kHz to a significantly larger value, e.g., 60 kHz. 
The direct way to meet the peak data rate requirement is to increase the signal bandwidth. In general, wider carriers lead to less overhead since less carriers need to be aggregated, which otherwise duplicates much of the control channels. On the other hand, wider bandwidths lead to increased product implementation complexity. If we want to at least roughly preserve LTE-level of implementation complexity (to ensure battery life at least as in the LTE UEs), by assuming for example the FFT size of 2048 (which in LTE UE consumes around 5% of total baseband power [2]), with subcarrier spacing of 60 KHz we arrive at maximum bandwidth of 80 MHz. 
However, as the NR in 5G should enable flexible support of concurrent applications, it might be beneficial to allow flexible reconfiguration of maximum bandwidth at given carrier into multiple subbands with mutually different numerologies – for example, the bandwidth of 80 MHz can be split into two subbands, where subcarrier spacing is 15 KHz in one subband of 20 MHz bandwidth (corresponding to FFT size of 2048), and 60 KHz in the other subband of 60 MHz bandwidth (corresponding to FFT size of 1536).
To support mMTC, we start from the assumptions that the amount of data per device is small. As the transmission bandwidth should be the minimum one required to support required throughput, there should be possible to define a range of small bandwidths at given carrier. Depending on the received SNR-region, i.e. depending on the deployment of the devices, different devices with the same transmit power might have different spectrum requirements – in high-SNR region (i.e. with smaller propagation loss) smaller bandwidth is required. It further means that different access points might have different bandwidth requirements. Ultimately it might be beneficial to have sufficient flexibility in allocating small bandwidths in NR of 5G, similarly as in LTE air interface, which might be useful also for future migration to LTE bands.
· Adaptation to flexible spectrum allocations
5G shall consider flexible spectrum deployment not only to global IMT bands, but also to operator specific spectrum resources, in addition to fulfilling KPIs efficiently as abovementioned. The LTE physical layer specifications are bandwidth agnostic and a set of 6 bandwidths have been specified. Albeit this may be a reasonable tradeoff between specification work and complexity, it does not perfectly match the real-world where operators could have other spectrum allocations. This issue is currently being studied in LTE [3] and bandwidth flexibility may also be an integral part of 5G. Further considerations are therefore needed if also 5G would have to support all the LTE bandwidths.
It is proposed to support a wide carrier bandwidth of say at least 80 MHz considering the available spectrum resources both for newly allocated in WRC-15, and all of them after WRC-15 as shown in Table 1. The main intention is to fulfill KPIs concerning the latency and the peak rate. 
It is also proposed to support narrower carrier bandwidth similar to that in LTE, e.g. 10 MHz considering the available spectrum resources. The main intention is to support mMTC in a bandwidth efficient way, while also being adaptive to the flexible spectrum allocation.
It is also proposed to support carrier aggregation considering the available spectrum resources. The main intention is to further meet the peak data rate KPIs and also being more adaptive to the flexible spectrum allocation. For example, support of 20 Gbps with 30 bps/Hz will require ~670 MHz bandwidth in total, which may not be feasible with a single carrier.
[bookmark: OLE_LINK2]Proposal 1: For below 6 GHz frequency, 5G should support a wider carrier option (e.g. around 80 MHz), as well as narrower carrier option(s).
Proposal 2: 5G supports carrier aggregation for below 6 GHz frequency. 
Conclusions
There is a spectrum of 383 MHz allocated in WRC-15 and for a total of 1272 MHz allocated for IMT. 5G may be firstly deployed in the newly allocated frequency bands and then in the remaining IMT spectrum. In order to support 5G requirements of short latency and peak data rate with a reasonable complexity, a wider carrier bandwidth than in LTE shall be considered. In order to support mMTC using a bandwidth efficiency way, narrow carrier bandwidths as in LTE shall be considered. Furthermore, 5G spectrum deployment needs to be adaptive to the flexible spectrum allocation, in global/regional/country/operator wise. It is proposed:
Proposal 1: For below 6 GHz frequency, 5G should support a wider carrier option (e.g. around 80 MHz), as well as narrower carrier option(s).
Proposal 2: 5G supports carrier aggregation for below 6 GHz frequency. 
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Annex
Initial options for evaluation purpose have been proposed in TR38.913 on the aggregated bandwidth in a scenario-specific way.
Dense urban
The dense urban microcellular deployment scenario focuses on macro TRPs with or without micro TRPs and high user densities and traffic loads in city centers and dense urban areas. The key characteristics of this deployment scenario are high traffic loads, outdoor and outdoor-to-indoor coverage. 
The carrier frequency and the aggregated bandwidth are provided in Table A1 with the bandwidth option below 6 GHz highlighted. 
Table A1. Proposed spectrum deployment for Dense urban for evaluation purpose.
	Attributes
	Values or assumptions

	Carrier Frequency
	Around 4GHz + Around 30GHz (two layers)

	Aggregated system bandwidth
	Around 30GHz: Up to 1GHz (DL+UL)
Around 4GHz: Up to 200MHz (DL+UL)



Urban marco
The urban macro deployment scenario focuses on large cells and continuous coverage. The key characteristics of this scenario are continuous and ubiquitous coverage in urban areas.
The carrier frequency and the aggregated bandwidth are provided in Table A2 with the bandwidth option below 6 GHz highlighted.
Table A2. Proposed spectrum deployment for Urban marco for evaluation purpose.
	Attributes
	Values or assumptions

	Carrier Frequency
	- Below 6 GHz (around 2 GHz or around 4 GHz)
- Above 6 GHz (around 30 GHz)
- Below 6 GHz (around 2 GHz or around 4 GHz) and above 6 GHz (around 30 GHz) combined

	Aggregated system bandwidth
	Around 4GHz: Up to 200 MHz (DL+UL)



Rural
The rural deployment scenario focuses on larger and continuous coverage. The key characteristics of this scenario are continuous wide area coverage supporting high speed vehicles.
The carrier frequency and the aggregated bandwidth are provided in Table A3 with the bandwidth option below 6 GHz highlighted.
Table A3. Proposed spectrum deployment for Rural for evaluation purpose.
	Attributes
	Values or assumptions

	Carrier Frequency
	Around 700MHz or 
Around 4GHz
ISD 1: Below 6 GHz (around 700 MHz or around 4 GHz).
ISD 2: Below 6 GHz (around 700 MHz and around 2 GHz combined)

	Aggregated system bandwidth
	Around 700MHz: Up to 20MHz (DL+UL) 
Around 4GHz: Up to 200MHz (DL+UL)



Extreme rural for the Provision of Minimal Services over long distances
The extreme rural deployment scenario is defined to allow the Provision of minimal services over long distances for Low ARPU and Low density areas including both humans and machines.
The carrier frequency and the aggregated bandwidth are provided in Table A4 with the bandwidth option below 6 GHz highlighted.
Table A4. Proposed spectrum deployment for Extreme rural for evaluation purpose.
	Attributes
	Values or assumptions

	Carrier Frequency
	Below 3 GHz
With a priority on bands below 1GHz
Around 700 MHz

	System Bandwidth
	40 MHz (DL+UL)



Extreme rural with extreme long range
The extreme rural Long Range deployment scenario is defined to allow for the Provision of services for very large areas such as wilderness or areas where only highways are located primarily for humans.
The carrier frequency and the aggregated bandwidth are provided in Table A5 with the bandwidth option below 6 GHz highlighted.
Table A5. Proposed spectrum deployment for Extreme rural with extreme long range for evaluation purpose.
	Attributes
	Values or assumptions

	Carrier Frequency
	Below 3 GHz

	System Bandwidth
	[40] MHz (DL+UL)



[bookmark: _Toc446354173]Indoor hotspot
The indoor hotspot deployment scenario focuses on small coverage per site/TRP (transmission and reception point) and high user throughput or user density in buildings. The key characteristics of this deployment scenario are high capacity, high user density and consistent user experience indoor.
The carrier frequency and the aggregated bandwidth are provided in Table A6 with the bandwidth option below 6 GHz highlighted.
Table A6: Attributes for indoor hotspot
	Attributes
	Values or assumptions

	Carrier Frequency
NOTE1
	 Around 30 GHz or Around 70 GHz or Around 4 GHz 

	Aggregated system bandwidth
NOTE2
	Around 30GHz or Around 70GHz: Up to 1GHz (DL+UL) NOTE3
Around 4GHz: Up to 200MHz (DL+UL)



Urban coverage with massive connection
The urban coverage for massive connection scenario focuses on large cells and continuous coverage to provide massive machine type communications (M-MTC).
The carrier frequency is provided in Table A7 with the bandwidth option below 6 GHz highlighted.
Table A7. Proposed spectrum deployment for Urban coverage with massive connection for evaluation purpose.
	Attributes
	Values or assumptions

	Carrier Frequency
	700MHz, 2100 MHz as an option 



Highway scenario
The highway deployment scenario focuses on scenario of vehicles placed in highways with high speeds.
The carrier frequency is provided in Table A8 with the bandwidth option below 6 GHz highlighted.
Table A8. Proposed spectrum deployment for Highway scenario for evaluation purpose.
	Attributes
	Values or assumptions

	Carrier Frequency NOTE1
	Macro only: Below 6 GHz (around 6 GHz)
Macro + RSUs: 
1) For BS to RSU: Below 6 GHz (around 6 GHz) NOTE3
2) RSU to vehicles or among vehicles: below 6 GHz



Urband grid for connected car
The urban macro deployment scenario focuses on scenario of highly densely deployed vehicles placed in urban area. It could cover a scenario where freeways lead through an urban grid.
The carrier frequency is provided in Table A9 with the bandwidth option below 6 GHz highlighted.
Table A9. Proposed spectrum deployment for Urban grid for connected car for evaluation purpose.
	Attributes
	Values or assumptions

	Carrier Frequency NOTE1
	Macro only: Below 6 GHz (around 6 GHz)
Macro + RSUs: 
1) For BS to RSU: Below 6 GHz (around 6 GHz) NOTE4
2) RSU to vehicles or among vehicles/pedestrians: below 6 GHz





