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1.
Introduction

This document is related to the RAN4 aspects of the study item, “Further advancements for E-UTRA”. The purpose of this document is to gather the key RAN4 issues associated with UE RF deployment aspects.  

This document focuses on the following issues; 
· Support of wider bandwidths.
· Support of carrier aggregation for both contiguous and non contiguous component carrier.
In this document, only a very preliminary analysis is provided to suggest areas of RAN4 focus. It is expected that the main aspect from a RAN4 perspective would be the support of wider or Very Large (VF) bandwidths. 

2.
Deployment scenarios 
In this section we review the proposed operator’s deployment scenarios that would need to be analysed by RAN4, as shown below in Table 2-1.
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Table 2-1: Operator’s deployment scenario for investigation

2.1 Deployment scenarios 

Item highlighted in yellow are the 4 out of 11 scenarios in Table 2-1 that were considered for initial investigation in order to meet the ITU-R timescales. These are shown below in Table 2-1-1;
	Scenario
	Proposed RAN4 ITU deployment scenario for investigation 

	#1
	Single band contiguous allocation @ 3.5 GHz band for FDD  (UL:40 MHz, DL: 80 MHz)

	#2
	Single band non-contiguous allocation @ 2.3 GHz band 40 for TDD  (100 MHz)

	#7
	Multi band non-contiguous allocation @ Bands 1, 3 and 7 for FDD (UL:40MHz, DL:40 MHz) *

	#10
	Multi band non contiguous allocation Bands 34, 29 and 40 for TDD  (90 MHz)

	*
	For some technical aspects for the ITU-R submission this would be done with 2 carrier aggregations 


Table 2-2: RAN4 ITU deployment scenario for investigation

These four scenarios are investigated in terms of practical deployment scenarios.  In particular we look at scenario 1 and 2 in detail and focus on the other scenarios in a generic manner 
2.1.1 Scenario #1 (Single band contiguous allocation @3.5GHz for FDD (UL: 40MHz, DL: 80MHz)
The 3500 MHz band is currently still under discussion in both 3GPP and ITU-R
.  Based on current discussion in WP-5D we note the Figure 2.1.1-1 is the recommended frequency arrangement for implementation of IMT in the 3400 – 3600 MHz band
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Figure 2.1.1-1: ITU recommended frequency arrangement
In particular, we note the following is still under discussion in ITU; 
· the size of the segments for the FDD uplink (MS Tx) and downlink (BS Tx), where one could disappear (i.e. zero width);

· the size of the centre gap and duplex separation;
· the arrangement of the segments (i.e. the FDD uplink and downlink direction)
· the use of the external bands (i.e. combination of any FDD pairing with the bands other than 3 400-3 600 MHz
Based on the UMTS-LTE TR (R4-091019) we note the following band plan as shown in Table 2.1.1.-2, under discussion for deployment in Europe. In particular practical allocations would start at 3410MHz
 and this would lead to problems for UE harmonization problems if the frequency position of the duplex gap is different. 
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Figure 2.1.1-2: UMTS-LTE 3500MHz TR recommended frequency arrangement
However, as mentioned in TR (R4-091019), it will be difficult to implement a complete 2 x 90MHz FDD arrangement with a single duplexer in the UE based on a 10MHz duplex gap at 3.5GHz and a 2x70MHz is suggested. Assuming frequency scaling based on Band 8, a more reasonable single duplex band arrangement may be in the order of 2x75MHz with a 45MHz duplex (FFS), but such an arrangement would cover a smaller portion of the existing band arrangement and would not be spectrally efficient and, more importantly limit the number of contiguous CC.  This is shown below in Figure 2.1.1-3
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Figure 2.1.1-3: Scenario 1 deployment
One way to avoid the need for a large duplex gap is to sub-divide this band into two operating bands but this would increase the number of operating bands, but more importantly reduce the number of contiguous CC available and also lead to significant UE to UE co-existence issues. 
Observations (assuming band plan as per UMTS-LTE TR);
· harmonization with ITU-R on location of duplex gap is paramount for global harmonization 

· Duplex gap of 10 MHz is not sufficient to prevent UE self interference when a UE UL is on CC1 and DL at 4 CC4. The Tx to Rx spacing for contiguous CC would be too small
· Duplex gap of 50MHz is better, but not sufficient to prevent UE self interference when a UE UL  is on CC1 and DL  at 4 CC

· Key issue is if ALCR (Tx leakage component in Rx pass band)  is based for multiple CC is assume to scale with number of CC. This has implications on UE architecture and addressed in R4-091366

· Scenario 1 cannot be supported assuming symmetrical UL/DL FDD plan without scheduler assistance to maintain minimum Tx to Rx duplex distance or half duplex type service .Note Tx Rx spacing could be 40 – 100MHz depending on allocation of RB
· Other solutions would be to reduce the number of contiguous CC and/or allow a large reduction in Tx power or an allowed Rx desense value. 
· Adjacent inter-band co-existence would need to be addressed In this case the guard band would be determined by the front end RF or duplex filter
The key problem with FDD deployment of very large bandwidths is the resultant UE self dense if the Tx –Rx spacing is not adequate. Increasing the Tx –Rx spacing would result in a large duplex gap which is counter productive in the case of the 3500MHz band. One alternative in order to address this issue is to allow paring with other bands to increase the effective TX-RX spacing (but creates problems for existing band users due to UE to UE co-existence) or deploy HD-FDD or TDD (assuming synchronized CC operation)

2.1.2 Scenario #2 (Single band contiguous allocation @2.3 for TDD (100MHz)
For this scenario the operator’s have requested 5 x 20 MHz UL/DL – 5 Component Carrier (CC) of 20MHz
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Figure 2.1.2-1: Scenario 2 deployment
One of the main benefits of TDD is the mitigation available for self interference. In this case, if synchronised channel can be supported in the operating band, the impact of UE to UE co-existence within the operating band is avoided. In this case, only adjacent inter-band co-existence would need to be addressed and would be FFS
Taking account of the operator request for 5 x 20MHz DL we note the following; 

· No limitation like the FDD case due to self interference /IP2

· Synchronization of UL/DL needed for all CC to avoid need for guard band between operators in this band
· ALCR (Tx leakage component in Rx pass band) for multiple CC is not an issue due to TDD operation unlike FDD
2.1.3 FDD deployment (Intra band contiguous / non contiguous and Inter band)

For this scenario, the applicability is directly affected by the centre frequency, the duplex distance, the pass bandwidth and the duplex gap defined for each operating band. These keys parameters are indicated for the current operating bands defined in 3GPP in Table 2.1.3-1 below;
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Table 2.1-3: FDD Duplex parameters
Taking account of the operator request for different aggregations options we note the following;
a) FDD Intra  band contiguous operation 
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Figure 2.1.3-1: FDD same band contiguous operation 
Observations 

· Support of contiguous operation is only necessary for CC > 20 MHz
· 3GPP bands which support CC> 20MHz with no self interference is limited

· Band 1  just supports 20 MHz with no desense (duplex gap is 130MHz)

· Band 4 1.7/2.1 GHz (duplex gap is 355 MHz)

· Band 10 1.7/2.1 GHz (duplex gap is 340 MHz)

· 3500 MHz duplex gap has not been decided but is expected to be small (10 – 60 MHz)

· Region 1/2/3 Digital Dividend in 800 MHz has also a small duplex gap

The key problem with FDD deployment of very large bandwidths is the resultant UE self dense if the Tx –Rx CC spacing is not adequate.
b) FDD Intra band non - contiguous operation 
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Figure 2.1.4-1: FDD same band non -contiguous operation 
Observations; 
· Support of non-contiguous operation for CC > 20 MHz

· Operating band which can support non contiguous CC < 20 MHz with no self interference is a function of the channel bandwidth and Tx / Rx spacing

· ACLR noise floor from transmitted RB  nearest DL CC2 will increase self – interference – complex function of number of RB allocations, location and power – no simple solution

c) FDD Inter band non - contiguous operation 
Scenario #3 considered when spectrum from the region 1 Digital dividend (800 MHz) is paired with Band 8 (900 MHz spectrum) 
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Observations; 

-
This scenario is suitable for resource aggregation for small channel bandwidth
-
This scenario is suitable for resource aggregation for large channel bandwidth in order to increase the effective Tx-Rx spacing – however, this would be suitable for re-farming existing deployment due to UE to UE co-existence issue for existing channel 

-
Currently it is not clear if Rx diversity would be mandatory in the case of Inter- band resource aggregation and this would need to be considered 

3.
Summary  
It is well understood that simultaneous operation of the FDD transmitter can result – via spurious emission, in a reduction in the receiver sensitivity due to self-interference process. Initial analysis shows that Rx desense represents a major implementation issue for larger channel bandwidth due to the limited duplex gap available. Hence, for FDD operation in order to support this even larger contiguous bandwidth the following solutions would need to be adopted;
· Maximum TX channel bandwidth for each operating band

· Scheduler assigned TX channel bandwidth conditioned on UE status

· Allowed Maximum Reduction in Sensitivity (MRD) 
One of the main benefits of TDD is the mitigation available for self interference. In this case if synchronised channel can be supported in the operating band, the impact of UE to UE co-existence within the operating band is avoided. 
For both FDD and TDD adjacent inter-band co-existence would need to be addressed and would be for FFS. In this case, the guard band would be determined by the front end RF or duplex filter. 












� Revision of Recommendation M.1036-3: “Frequency arrangements for implementation of the terrestrial component of International Mobile Telecommunications (IMT) in the bands identified for IMT in the Radio Regulations”





Note: Regarding asymmetric spectrum arrangements see estimates for a mix of traffic described in Report ITU-R M.2023, Report ITU-R M.2078, and Recommendation ITU-R M.1822. Suitable techniques to support asymmetric traffic are described in Report ITU�R M.2038.


Note: The ITU-R Radio Regulations Art. 5. says in footnote 5.130A for the band 3400 – 3600 MHz in Region 1: “Before an administration brings into use a (base or mobile) station of the mobile service in this band, it shall ensure that the power flux-density (pfd) produced at 3 m above ground does not exceed −154.5 dB(W/(m2 ( 4 kHz)) for more than 20% of time at the border of the territory of any other administration. This limit may be exceeded on the territory of any country whose administration has so agreed….”





� In Europe the band 3400 MHz – 3410 MHz is allocated to amateur services on a secondary basis





