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1
Introduction

At RAN#66, the SI on license assisted access of LTE in unlicensed band has been completed and a new WI on licensed assisted access of LTE is approved [1]. The conclusions from the study item are documented in the TR 36.889 [2]. 

One of the issues that RAN4 is supposed to investigate is the expected band plan in 5GHz unlicensed band. In this contribution, we propose the suitable band plan for 5GHz spectrum. 
2
Conclusions from the LAA SI

In RAN4#75, a number of contributions were discussed [3], [4], [5], where the potential band plan for unlicensed spectrum in 5GHz was presented. Based on the discussions in RAN4#75, some conclusions were listed in LAA TR [2], which are summarized below:

1. The conclusion of the study is to define 5 GHz unlicensed LAA band or bands within frequency limits 5150 – 5925 MHz.
2. Potential duplex methods for LAA operation may consider both DL-only and/or DL+UL transmission depending on the outcome of potential WI. Since the duplex method is tied to frame structure, the duplex method for 5GHz unlicensed band shall be based on the physical layer design on L1 enhancements for LAA.
3. It is recommended that radio requirements should be specified such that a single filter implementation for UE across the entire frequency range from 5150 to 5925 MHz is possible. Other implementations are not precluded.
3
Single Band definition in 5GHz spectrum
Since the allocations in the spectrum starts at 5150MHz and the highest allocation in this spectrum is up to 5925MHz, it has been agreed that, RAN4 will define 5 GHz unlicensed LAA band with frequency limits 5150 – 5925 MHz. 
The above proposal ensures that all markets are included in the band definition. 
Regarding the number of bands in 5GHz spectrum, there are two options, 

1. either to define one single band across the available spectrum in 5GHz, 

2. or to define several bands inside 5GHz spectrum for unlicensed usage of LTE.

In the table below, we present a few issues which provide a strong basis for defining one-single band.

	WiFi implementation in 5GHz
	WiFi implements the whole spectrum in all the devices. This is the first time, we are defining a band in 3GPP for which there is at least one incumbent, i.e. WiFi. Thus, it is reasonable to define the LAA system as close as possible to WiFi.
WiFi devices are implemented using single filter, thus defining several bands will subject LAA to unfair interference levels from wifi devices. 

	Global harmonization
	Defining a single band provides an opportunity for global harmonization, since this ensures that all devices will implement the whole band. This will improve the roaming capabilities greatly (similar to 2.4GHz WiFi), thus, 

· Single filter implementation from UE side is preferred. However other implementations are not precluded.

· A BS can always implement LAA by using sub-band filters if needed.

	Specification complexity
	One LAA band has advantage in terms of specification complexity and the number of test cases (due to less number of CA combinations, etc.). 

For example, if 5 lincensed bands are selected and a single 5GHz band is defined, then we will have 5 CA configurations, however if we define 4 bands in 5GHz, then we will have at least 20 CA configurations that need to be specified in the spec. This will also increase the number of tests that the device has to satisfy.  

	Regulatory requirements
	There are multiple regulatory and other requirements in terms of output power, out-of-band emissions, out-of-band blocking, blocking against other systems, in-device coexistence, listen before talk (LBT), dynamic frequency selection (DFS), etc. It is worth noting that none of these requirements require splitting up the LAA frequency range into multiple bands.
Regardless of the band partition, same regulatory requirements need to be met (including DFS). Therefore introducing 4 bands will only introduce extra requirements. Moreover, even if we define 4 bands, for the same band we will have different requirements in different regions

	Harmonics issue
	Harmonics issue was raised in [4]. However, harmonics will not be the show-stopper in defining a single band in 5GHz. Harmonic trap filter will most likely not be needed.  For any PA, the harmonics emission could be around -25 to -30 dBm/20MHz, and the diplexer could give another 25-30dB attenuations, so we will have something like -50dB to -60dB of harmonic signals, this would mean that, the harmonics will be below the inband blocker level (-44dBm/20MHz). (Please note that, this is an approximate calculation)

	Concerns from regulators
	Concerns from regulators need to be taken into account; however this should not be an issue: IEEE specifications do not implement bands as 3GPP spec. There is no reason why regulators would have more concerns with 1 band definition, unless in each country different bands are defined (which is impossible). Therefore the only goal should be that spec takes into account regional requirements.

	Channel access
	Regarding channel access, an LAA node can access any part of the band similar to WiFi APs.

	Latest filter technology
	With the currently available technology, it is difficult to achieve improved filter rejections between different parts of the band, thus one good solution is to consider single filter implementation of the band. Moreover, it doesn’t seem to be possible to integrate LAA as separate subbands into the UE by using more than one filters with more than one 5GHz transceiver LNA inputs (or an additional switch with insertion loss) and (in case of TDD) with more than one different PAs (or an additional switch with insertion loss). As far as we have investigated, there are no filters available to split-up the band like this and if it would be technically feasible, it would add significant unmotivated cost and complexity. Therefore the preferable option is to implement LAA as a single band in the UE.

	Sharing front end between WiFi and LAA
	For UE side, since Wi-Fi is implemented by a single whole band filter, due to the rising noise floor caused by the Wi-Fi PA, it may not be possible to support Wi-Fi and LAA operation simultaneously. Possibly LAA may share the same front end of Wi-Fi and work in TDM mode. Therefore, LAA can use the same single wide band filter in this case [6]. Certainly, UE can also use separate channels and antennas for Wi-Fi and LAA respectively with sub-band filters, but the cost and power consumption will increase definitely.


Thus, with a view to have global harmonization in addition to practical feasibilities and competitiveness with respect incumbent WiFi system for unlicensed band access of LTE in 5GHz spectrum, we propose to define one new band in 5GHz for unlicensed band access of LTE. 
3
Suitable duplex method for unlicensed bands

As mentioned WID [1], the following are included in this WI:

-------------------------------------------

“The work item should only specify support for LAA SCells operating with only DL transmissions. When specifying support for LAA SCells with only DL transmission, the following for the UL should be agreed (but not specified): the principles of UL channel access and the necessary forward compatibility mechanism so that the UL for LAA SCells  can be added in future release without modifications to the DL design.
…………

The work item should also specify base station and UE core requirements of 5GHz spectrum (based on regulatory limits) including applicable band/bands definition and a limited set of example band combinations. The 5 GHz band/bands definition should include DL only and UL/DL operations (without UL requirements being defined in Rel-13). The 5GHz unlicensed band/bands definition(s) should not introduce new frame structure(s) (if any) and/or new TDD UL/DL configurations (if any) for the licensed bands. (RAN4)”
 -------------------------------------------

The above description from the WID, it is evident that, both DL only and UL/DL operations need to be considered while the defining the duplex method for 5GHz unlicensed band. In RAN1 specification, the duplex method is tied to frame structure. Regarding the UL and DL carrier usage, the suitable duplex method is time division for unlicensed band. However, Frame Structure type 2 (FS2) is not suitable for flexibility in UL and DL transmissions in unlicensed spectrum. Thus, we propose to define the duplex method as TD (time division) for the unlicensed band access of LTE. 

In the current WI phase, RAN1 needs to define a new frame structure where flexibility, e.g. supplementary DL (DL-only TDD), or flexible UL/DL transmissions, etc, can be supported. In RAN4, depending on the scope of the WI in Rel-13, we can define requirements which can utilize the available flexibility provided by the RAN1 design of new frame structure. 

Defining the band as “TD” provides the benefit of not mandating all TDD tests that are associated with TDD band definitions in RAN4.

4
Spec change proposal for 36.101

We propose to use TDD band sequences for unlicensed LTE band in 5GHz, since the duplex method of this band will be TDD-like in terms of spectrum usage (i.e. UL and DL uses the same carrier frequency). 

Proposal-1: Define band 45 as 5GHz unlicensed band for CA with licensed band in Rel-13.  

Proposal-2: The duplex method for 5GHz unlicensed bands will be TD with flexible UL/DL transmission, subject to RAN1 design of new frame structure. 
Based on the above discussions, we propose the following changes in 36.101. Corresponding changes in BS spec are also required.

Table 5.5-1 E-UTRA operating bands, [3], only part of the table is shown
	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	

	1
	1920 MHz
	–
	1980 MHz 
	2110 MHz
	–
	2170 MHz
	FDD

	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD

	3
	1710 MHz
	–
	1785 MHz
	1805 MHz
	–
	1880 MHz
	FDD

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz
	–
	2155 MHz
	FDD

	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894MHz
	FDD

	61
	830 MHz
	–
	840 MHz
	875 MHz
	–
	885 MHz
	FDD

	
	
	
	
	
	
	
	

	41
	2496 MHz
	
	2690 MHz
	2496 MHz
	
	2690 MHz
	TDD

	42
	3400 MHz
	–
	3600 MHz
	3400 MHz
	–
	3600 MHz
	TDD

	43
	3600 MHz
	–
	3800 MHz
	3600 MHz
	–
	3800 MHz
	TDD

	44
	703 MHz
	–
	803 MHz
	703 MHz
	–
	803 MHz
	TDD

	45
	5150 MHz
	--
	5925 MHz
	5150 MHz
	--
	5925 MHz
	TD3

	NOTE 1:
Band 6 is not applicable

NOTE 2:
Restricted to E-UTRA operation when carrier aggregation is configured. The downlink operating band is paired with the uplink operating band (external) of the carrier aggregation configuration that is supporting the configured Pcell.
NOTE 3:   Restricted to E-UTRA operation when carrier aggregation is configured [refer to table with the LAA configurations]. [Text to be added on new frame structure support in this band, pending RAN1 conclusion].


5
Conclusions
We propose the following in this contribution:

Proposal-1: Define band 45 as 5GHz unlicensed band for CA with licensed band in Rel-13.  

Proposal-2: The duplex method for 5GHz unlicensed bands will be TD with flexible UL/DL transmission, subject to RAN1 design of new frame structure. 
5


References
[1] RP-151045, “New Work Item on Licensed-Assisted Access to Unlicensed Spectrum”, Ericsson, Huawei, Qualcomm, Alcatel-Lucent, RAN#68, June 2015.

[2] TR 36.899 v0.3.1 (2014-11), Study on Licensed-Assisted Access to Unlicensed Spectrum (Release 13)
[3] R4-153540, Band plan for unlicensed spectrum in 5GHz, Ericsson, Qualcomm, Intel, Nokia Networks
[4] R4-152669, Handling of operating bands of 5GHz for LAA, NTT DOCOMO, INC.
[5] R4-153233, Further consideration on LAA band plan, CMCC
[6] R4-150393
Consideration on defining operating band(s) for LAA, Huawei, RAN4#74
3GPP


