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1 Introduction
This document discusses the potential bands for D2D mode for both D2D_discovery and D2D_communications taking into account discussions in other forums and the work in 3GPP. In section 2 we provide some background, section 3 some observations, section 4 our conclusion, section 5 a text proposal for the D2D TR and section 6 a text proposal for the D2D TR Annex A. Note for ease of previous understanding we use the term D2D instead of ProSe (apart from the TP for Annex A)
2 Background
D2D is designed to support two associated features D2D_discovery and D2D_communications in three possible coverage scenarios; in network coverage, partial network coverage and out of network coverage. D2D operation is only permitted in the case of out of network coverage for PS operation. These deployment scenarios are summarised in Figure 2-1 below  
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Figure 2-1: D2D co-existence / network scenarios
3 Observations

One of the key aspects of the work item would to define the operating bands for D2D_discovery and D2D_communications to support the needs of both Public safety and commercial operators. In the follow sub clauses we provide some observations related to PS deployment to progress the work in this area.
3.1 
PS  band allocated or under consideration 
The propagation characteristics of frequencies between 470 MHz and 1 GHz are attractive for wide area, nationwide deployment of both PS and commercial mobile broadband systems. This aspect has been recognised in the following forums particularly in the case of PS deployment.
a) From a ITU perspective 
· ITU–R M.2015 recommendations; we observe bands below 1GHz as identified in Resolution 646 (Rev.WRC-12) for PS in certain regions in terms of guidance on frequency arrangements 
· ITU-R M.2033 we observe, in some countries commercial broadband networks are currently used by Public Safety organizations to supplement their own narrow band systems, or in some cases to provide all their broadband communications requirements, but not necessarily all PS (also called PPDR) specific features as indentified in ITU-R M.2033 Table 2 (PPDR applications and examples) and Table 3 ( User requirements) 
b) From a national / regulatory perspective 
· Currently USA, Australia, Canada, Mexico, Brazil, Qatar and other countries have all allocated dedicated PS broadband Spectrum in 700 or 800MHz.

· European Union set up FM 49 which shortlists 400 and 700MHz as options for PS broadband 
· CITEL has made two recommendations for PS broadband spectrum allocations: the US 700MHz Plan and the APT700 (B28) band plan (with a suggestion to use the lower part of the sub-band)
c) From a 3GPP perspective 

· In 3GPP the operating band is the baseline to specify the RF requirements for the D2D supported features 

· Analysis and co-existence work is based on bands below 1 GHz using 700MHz as an example for both D2D_discovery and D2D communications particular for PS scenarios  
Table 3.1-1 TS36.843 Table A2.1.1-1
	
	General Scenarios
	Public Safety Scenarios

	Carrier Frequency

(Note: The performance at 2GHz is expected to be different from the performance at 700MHz.)
	2GHz
	700 MHz

	System bandwidth
	10MHz Uplink and 10MHz Downlink for FDD, 20 MHz for TDD
	10MHz Uplink and  10MHz Downlink for FDD, 20MHz for TDD for  in-coverage and partial-coverage scenarios,

10MHz dedicated spectrum for out-of-coverage scenarios


Therefore taking into account the above factors, we propose that as an initial starting point all the 3GPP FDD bands below 1GHz are considered as potential operating bands for both D2D_discovery and D2D_communications.  However, as the RF work is still ongoing in R4, we suggest a subset; B14, B20, B26, B28 of these below 1GHz bands are included in the D2D TR in brackets, so that a running CR can be developed based on these bands. These bands consist of both dedicated and commercial spectrum allocation for PS deployment. As the work progress we can then update Annex A to remove the brackets and/also include additional bands. This bracket approach will help to focus the work in R4 to meet the rel-12 timescales but also ensure D2D bands are not included in the specification until all the RF work is completed for the particular ProSe supported band. 
Communications at PS incident site might also entail the use of higher frequency bands and should not be excluded in the future for both D2D_discovery and D2D_communications. Additionally TDD band should also be considered 
3.2 
D2D_discovery and/or D2D_communications supported bands 
The incoming LS [3] from RAN1 states;
· For communication, RAN1 assumes that UE is able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D
· For discovery, RAN1 assumes that UE may not be able to receive simultaneously on the DL and UL spectrum of FDD carriers supporting D2D

The RF front implementation and performance impact are more significant for D2D_communications compared to D2D_discovery. From [4] D2D_communication would require simultaneous dual receivers for both WAN traffic and D2D_communication. One possible implementation would be to use a CA architecture where one of the CA chain [3] would could used for either CA WAN operation or  switched to D2D_communication on the UL frequency.  An example of plausible UE D2D architecture from [2] we have reproduced below 
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Figure 

1

: 

A plausible architecture to receive D2D on UL spectrum 

(for FDD). This will result in additional insertion loss in Tx (D2D and 

WAN) path and WAN Rx paths, and also additional leakage 

to the WAN 

Rx path.
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Figure 

2

: 

A plausible architecture to receive D2D on UL spectrum (for 

FDD). This will result in additional insertion loss and leakage for WAN 

Rx.

 

 


Taking into account the different level of complexity for the two D2D feature we feel that band support should be separately identified for D2D_discovery and D2D_communications. Additionally, we note since preliminary results [5] and [6] show limited impact in terms of co-existence depending on the D2D_discovery duty cycle the number of band supported could be different for D2D_discovery.  Therefore, since discussions in R4 are still ongoing with respect to assumed architecture and RF specification impacts, it may be prudent to define the band support for D2D_discovery and D2D communications separately. 

There has been a proposal [1] that the choice of bands for D2D implementation may impact specific adjacent bands more than others and also be dependent on whether the D2D transmissions are in-network coverage, partial coverage or out-of-network coverage with respect to the victim legacy network
4 Conclusions

1. We propose that as an initial starting point all the 3GPP FDD bands below 1GHz are considered as potential operating bands for both D2D_discovery and D2D_communications. 
2. We suggest subset consisting of B14, B20, B26 and B28 of these below 1GHz FDD bands are specified in brackets in the D2D TR and in Annex A as these have been identified as potential bands for PS deployment. As, the RF work progress we can then update Annex A to remove the brackets and/also include additional bands. Note; this bracket approach will help to focus the work in R4 to meet the rel-12 timescales but also ensure D2D bands are not included in the specification until all the RF work is completed for the specified ProSe supported band. 

3. Taking into account the different level of complexity for the two D2D feature we feel that band support should be separately identified for D2D_discovery and D2D_communications
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6 TP for D2D TR 36.XXX V0.0.3 (2014-05) section 5
------------------------ START OF TP -------------------------

5
Deployment and co-existence studies 

5.1
General
D2D is designed to support two associated features D2D_discovery and D2D_communications in three possible coverage scenarios; in network coverage, partial network coverage and out of network coverage. D2D operation is only permitted in the case of out of network coverage for PS operation. These deployment scenarios are summarised in Figure 5.1-1 below  
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Figure 5.1-1: D2D co-existence / network scenarios

5.2
Operating bands
Background

The propagation characteristics of frequencies between 470 MHz and 1 GHz are attractive for wide area, nationwide deployment of both PS and commercial mobile broadband systems. This aspect has been recognised in the following forums particularly in the case of PS deployment.

a) From a ITU perspective 

· ITU–R M.2015 recommendations; we observe bands below 1GHz as identified in Resolution 646 (Rev.WRC-12) for PS in certain regions in terms of guidance on frequency arrangements 

· ITU-R M.2033 we observe, in some countries commercial broadband networks are currently used by Public Safety organizations to supplement their own narrow band systems, or in some cases to provide all their broadband communications requirements, but not necessarily all PS (also called PPDR) specific features as indentified in ITU-R M.2033 Table 2 (PPDR applications and examples) and Table 3 ( User requirements) 
b) From a national / regulatory perspective 
· Currently USA, Australia, Canada, Mexico, Brazil, Qatar and other countries have all allocated dedicated PS broadband Spectrum in 700 or 800MHz.

· European Union set up FM 49 which shortlists 400 and 700MHz as options for PS broadband 

· CITEL has made two recommendations for PS broadband spectrum allocations: the US 700MHz Plan and the APT700 (B28) band plan (with a suggestion to use the lower part of the sub-band)
c) From a 3GPP perspective 

· Analysis and co-existence work is based on bands below 1 GHz using 700MHz as an example for both D2D_discovery and D2D communications for PS scenarios  
Therefore taking into account the above factors, we propose that as an initial starting point all the 3GPP FDD bands below 1GHz are considered as potential operating bands for both D2D_discovery and D2D_communications.  However, as the RF work is still ongoing in R4, we suggest a subset; B14, B20, B26, B28 of these below 1GHz bands are included in the D2D TR in brackets, so that a running CR can be developed based on these bands. These bands consist of both dedicated and commercial spectrum allocation for PS deployment. As the work progress we can then update Annex A to remove the brackets and/also include additional bands. This bracket approach will help to focus the work in R4 to meet the rel-12 timescales but also ensure D2D bands are not included in the specification until all the RF work is completed for the particular ProSe supported band. 

D2D operating bands

E-UTRA D2D is designed to operate in the uplink spectrum of the corresponding E-UTRA operating band defined in Table 5.2-1.
Table 5.2-1 E-UTRA D2D operating bands

	E‑UTRA Operating Band
	Uplink (UL) Operating band
UE D2D transmit
	Downlink (DL) operating band

UE  D2D receive 
	Duplex 
Mode
	D2D
Mode

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	
	Disc.
	Comm.

	
	
	
	
	
	

	5
	824 MHz
	–
	849 MHz
	824 MHz
	–
	849 MHz
	HD - FDD
	
	

	8
	880 MHz
	–
	915 MHz
	880 MHz
	–
	915 MHz
	HD - FDD
	
	

	12
	699 MHz
	–
	716 MHz
	699 MHz
	–
	716 MHz
	HD - FDD
	
	

	13
	777 MHz
	–
	787 MHz
	777 MHz
	–
	787 MHz
	HD - FDD
	
	

	14
	788 MHz
	–
	798 MHz
	788 MHz
	–
	798 MHz
	HD - FDD
	[Yes]
	[Yes]

	17
	704 MHz
	–
	716 MHz
	704 MHz
	–
	716 MHz
	HD - FDD
	
	

	18
	815 MHz
	–
	830 MHz
	815 MHz
	–
	830 MHz
	HD - FDD
	
	

	19
	830 MHz
	–
	845 MHz
	830 MHz
	–
	845 MHz
	HD - FDD
	
	

	20
	832 MHz
	–
	862 MHz
	832 MHz
	–
	862 MHz
	HD - FDD
	[Yes]
	[Yes]

	26
	814 MHz
	–
	849 MHz
	814 MHz
	–
	849 MHz
	HD - FDD
	[Yes]
	[Yes]

	27
	807 MHz
	–
	824 MHz
	807 MHz
	–
	824 MHz
	HD - FDD
	
	

	28
	703 MHz
	–
	748 MHz
	703 MHz
	–
	748 MHz
	HD - FDD
	[Yes]
	[Yes]

	...
	
	
	
	
	
	
	
	
	

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

	NOTE 1: 


For PS operation, communications at PS incident site might also entail the use of higher frequency bands and this FFS for both D2D_discovery and D2D_communications. 

5.3
Channel bandwidth
------------------------ END OF TP -------------------------

7 TP for D2D TR 36.XXX V0.0.3 (2014-05) Annex A
------------------------ START OF TP -------------------------

5.5B
Operating bands for UL-MIMO

E-UTRA UL-MIMO is designed to operate in the operating bands defined in Table 5.5-1.

Table 5.5B-1: Void
5.5C
Operating bands for ProSe
E-UTRA ProSe is designed to operate in the uplink spectrum of the corresponding E-UTRA operating band defined in Table 5.5C-1.
Table 5.5C-1 E-UTRA ProSe operating bands

	E‑UTRA Operating Band
	Uplink (UL) Operating band
UE ProSe transmit
	Downlink (DL) operating band

UE  ProSe receive 
	Duplex 
Mode
	ProSe
Direct Mode

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	
	Disc.
	Comm.

	
	
	
	
	
	

	5
	824 MHz
	–
	849 MHz
	824 MHz
	–
	849 MHz
	HD - FDD
	
	

	8
	880 MHz
	–
	915 MHz
	880 MHz
	–
	915 MHz
	HD - FDD
	
	

	12
	699 MHz
	–
	716 MHz
	699 MHz
	–
	716 MHz
	HD - FDD
	
	

	13
	777 MHz
	–
	787 MHz
	777 MHz
	–
	787 MHz
	HD - FDD
	
	

	14
	788 MHz
	–
	798 MHz
	788 MHz
	–
	798 MHz
	HD - FDD
	[Yes]
	[Yes]

	17
	704 MHz
	–
	716 MHz
	704 MHz
	–
	716 MHz
	HD - FDD
	
	

	18
	815 MHz
	–
	830 MHz
	815 MHz
	–
	830 MHz
	HD - FDD
	
	

	19
	830 MHz
	–
	845 MHz
	830 MHz
	–
	845 MHz
	HD - FDD
	
	

	20
	832 MHz
	–
	862 MHz
	832 MHz
	–
	862 MHz
	HD - FDD
	[Yes]
	[Yes]

	26
	814 MHz
	–
	849 MHz
	814 MHz
	–
	849 MHz
	HD - FDD
	[Yes]
	[Yes]

	27
	807 MHz
	–
	824 MHz
	807 MHz
	–
	824 MHz
	HD - FDD
	
	

	28
	703 MHz
	–
	748 MHz
	703 MHz
	–
	748 MHz
	HD - FDD
	[Yes]
	[Yes]

	...
	
	
	
	
	
	
	
	
	

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

	NOTE 1: 


5.6
Channel bandwidth

------------------------ END OF TP -------------------------







