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1 Introduction

This document provides a Text Proposal for inclusion in TR 36.888 [1] on the technique of half duplex operation for low cost MTC UEs. The following contributions to RAN1#68 and RAN1#68bis have been used in preparation of this Text Proposal, together with comments made during discussion at RAN1#68bis.
Contributions made to RAN1#68:

· R1-120055 “Consideration on HD-FDD for low-cost MTC UE”. Huawei, HiSilicon [2].
· R1-120216 “Evaluation/analysis of half duplex operation for low-cost MTC”. Ericsson, ST-Ericsson [3].
· R1-120567 “Impact of half duplex operation on MTC”. Qualcomm Inc. [4].
· R1-120635 “Analysis of half duplex operation”. MediaTek Inc. [5].
· R1-120740 “Analysis of half duplex operation for low-cost MTC UE”. Nokia Siemens Networks, Nokia [6].
· R1-120825 “Cost Analysis of Half Duplex MTC LTE UEs with Text Proposal”. IPWireless Inc. [7].
Contributions made to RAN1#68bis:

· R1-121003 “Consideration on HD-FDD for low-cost MTC” Huawei, HiSilicon, China Unicom. [8].
· R1-121135 “Evaluation/analysis of half duplex operation for low-cost MTC” Ericsson, ST-Ericsson. [9].
· R1-121576 “Evaluation of Half Duplex Operation in MTC” Qualcomm Inc. [10].
· R1-121184 “Analysis of half duplex operation” MediaTek. [11].
· R1-121293 “Analysis of half duplex operation for low-cost MTC UE” Nokia Siemens Networks, Nokia. [12].
· R1-121257 “On half duplex operation for low-cost MTC UEs” Alcatel-Lucent, Alcatel-Lucent Shanghai Bell. [13].
· R1-121323 “Analysis of HD FDD for Low-Cost UE's” InterDigital Communications, LLC. [14].
· R1-121427 “Text proposal on half-duplex FDD for low-cost MTC UE” LG Electronics. [15].
· R1-121487 “On Half-Duplex Operation of a Low-cost MTC UE” Fujitsu. [16].
· R1-121510 “Evaluation of half duplex operation for low cost MTC LTE UEs” MStar Semiconductor Inc. [17].
2 Text Proposal
This section provides the text proposals.
~ ~ ~  START OF TEXT PROPOSAL #1  ~ ~ ~

2
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-
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R1-120008: Email Discussion Summary on Coverage Issues Identification
[5]
R1-080614: “Half Duplex FDD Operation in LTE”, RAN1#51bis, Seville, Spain, January 2008.
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~ ~ ~  START OF TEXT PROPOSAL #2  ~ ~ ~

6.6 Half duplex operation
6.6.1
Description

Half duplex FDD (HD-FDD) operation is a technique that can lower the cost of an MTC UE by simplifying the RF implementation. By not requiring simultaneous transmission and reception, an HD-FDD MTC UE does not require a duplexer: in place of a duplexer a switch is used. It is noted that the eNB still uses full duplex FDD (FD-FDD) operation and will be required to ensure that there are no scheduling conflicts for HD-FDD MTC UEs. This requirement will mean the scheduler needs to consider data and control traffic in both directions when making scheduling decisions for an MTC UE. It is noted that this requirement can add to the complexity of the scheduler. For full duplex UEs, such scheduling restrictions are not needed: this can make concurrent support more complicated. When not in DRX, the MTC UE will continuously receive downlink physical channels except when instructed by the network to transmit in the uplink or when transmitting unscheduled (contention-based) PRACH. A switching time will need to be observed by HD-FDD MTC UEs when transitioning from receive to transmit and vice versa – this will need to be taken into account by the scheduler.
It is noted that TDD UEs do not transmit and receive at the same time and are inherently half duplex in nature. The cost and performance advantages identified in this section already apply to Release 8 TDD LTE UEs.
6.6.2
Analysis/evaluation of performance against requirements
	Metric
	Impact (Yes/No)

	Coverage (relative to normal LTE UEs)
	Yes

	Minimum Data rate
	No

	Power consumption
	Yes

	Impact to non-MTC UE
	No

	eNB Hardware impact
	No

	Impact on specification
	Yes

	Cell spectral efficiency
	Yes


6.6.2.1
Coverage analysis

Half duplex operation will result in no loss of coverage. In order to accommodate the UE switching time between downlink subframes that are immediately followed by uplink subframes, the UE may choose not to receive symbols at the end of the downlink subframe, thereby increasing the PDSCH SINR requirements. This SINR loss can be avoided by the scheduler and is compensated for by the improved noise figure of a switch-based receiver RF chain. The scheduler can schedule UEs such that uplink transmissions do not immediately follow downlink transmissions: in this case the UE may receive all the symbols within the downlink subframe. The noise figure of a switch-based receiver RF chain is less than that of a duplexer-based receiver RF chain, allowing HD-FDD UE receivers to be more sensitive than FD-FDD UE receivers. In summary the downlink coverage of an HD-FDD UE is expected to be at least as good as that of an FD-FDD UE.
6.6.2.2
Power consumption

Compared to the reference category 1 LTE modem, power consumption is likely to be reduced. The insertion loss of the switch in the HD-FDD UE is less than in the duplexer of an FD-FDD UE: reducing the electrical power required to produce a certain amount of radiated RF power. Half duplex operation means some components can be put in a reduced power state until required. It is recognised that RF and baseband power consumption is often dictated by implementation.
6.6.2.3
Impact on specification

Some support for half duplex operation was introduced in LTE Release 8. However some further specification work may be required.
TSG RAN WG4 specifications will need to be updated to define at least the following:

· HD-FDD UE performance requirements for the switching time for the downlink-to-uplink and uplink-to-downlink transitions, if deemed necessary by further study in TSG RAN WG1 as explained below.

· In the case of UE implementation where operation is restricted to half-duplex only:
· Bands in which HD-FDD UEs can operate.

· Performance requirements for HD-FDD UEs.

From the perspective of TSG RAN WG1, it is recognised that further study is required. This study may lead to specification changes, but some issues may be resolved by implementation. Aspects to consider may include, but are not limited to, the following:
· UE switching times
· Switching time for the downlink-to-uplink transition is created by allowing the UE to DRX the last OFDM symbols in a downlink subframe immediately preceding an uplink subframe. Whether the switching time should be explicitly defined in the specifications is FFS at the time of introduction..
· Switching time for the uplink-to-downlink transition is handled by setting the appropriate amount of timing advance in the UE. This switching time is important when the UE is close to the cell centre (with near zero timing advance). The same adjustment of the uplink timing from the eNB perspective is also applied to full duplex UEs [5]. It should be further investigated whether specification change is needed to facilitate the eNB in deciding the appropriate amount of timing advance (e.g. by defining UE requirement on maximum allowed switching time).
· Managing of conflict between downlink and uplink transmissions. HD-FDD operation is implemented as a scheduler constraint, implying the scheduler ensures that a UE is not scheduled simultaneously in the downlink and uplink. There are occasions that downlink and uplink transmissions cannot be avoided by scheduler constraints, for example when the UE transmits an unscheduled (contention-based) PRACH that cannot be predicted by the eNB. It is possible that the UE may transmit a PRACH at the same time that it is scheduled via PDCCH/PDSCH in the downlink. In this case the UE will not be able to receive the PDCCH/PDSCH. 
6.6.2.4
Cell spectral efficiency

It is apparent that since HD-FDD MTC UEs cannot transmit and receive in the same subframe, there is an impact on the sustained data rates that can be provided to/from a single device. Furthermore in order to accommodate the required switching times for downlink-to-uplink transition at the UE, DRX during the switching times at the UE results in a reduction in downlink capacity. This problem is further compounded given that the switching time for the uplink-to-downlink transition is handled by timing advance that will further impact on the downlink transmissions. The RF noise figure of an HD-FDD UE may be less than for an FD-HDD UE since the HD-FDD UE uses a switch rather than a duplexer. The lower HD-FDD UE noise figure may compensate for the capacity loss associated with the DRX during switching times.
An eNB that supports HD-FDD UEs operates in full duplex mode irrespective of the capabilities of the UEs it is supporting. Given a sufficient number of HD-FDD UEs supported in a cell, the eNB is able to efficiently schedule HD-FDD UEs such that all the PRBs in the subframe can be allocated. Under this assumption it is expected that cell spectral efficiency is not impacted when HD-FDD MTC UEs are supported.

Since there are insignificant cell spectrum efficiency impacts from the support of LTE HD-FDD UEs, the spectral efficiency of an LTE cell is unlikely to be degraded through supporting LTE HD-FDD UEs. Its spectral efficiency is likely to be significantly greater than can be achieved in a GSM/EGPRS network supporting GSM/EGPRS terminals.
6.6.3
Analysis/evaluation of cost reduction

This subsection considers the potential cost saving from implementing a half duplex LTE MTC UE.
A half duplex mode UE does not need a duplexer. Instead of a duplexer a half duplex LTE MTC modem uses a switch. Additional savings from reduced complexity and memory may also be possible in the baseband module. This is because in half duplex mode there is no need to provision processing power and memory for concurrent downlink and uplink operations.

Given that a switch represents a small percentage of the cost of the duplexer, then a high proportion of the cost associated with the duplexer / switch in the RF module can be saved. Given that the duplexer cost is in the range of 15-25% of the RF module (which is 40% of the total LTE reference modem cost), HD-FDD mode provides an overall cost saving based on the reference LTE modem of 4-8%. It is further noted that the potential relative cost reduction may be even larger for multi-band devices (that may have multiple duplexers) than for the assumed single-band reference modem.
The estimated cost savings provided by the sourcing companies are summarized in Table 6.6.3.1. If it is assumed that some cost saving could be achieved due to reduced computational requirements then a 5-10% cost saving may be made in the baseband module: this results in an overall cost saving of 9-12% from source 6. Also if it is assumed that some cost saving could be achievable with RF components optimized for HD-FDD operation that take advantage of relaxation in performance and/or functional requirements (the absence of self transmitter blocking and interference easing filtering rejection requirements) then this results in an overall cost saving of 12-19% from source 7.
Table 6.6.3.1 Relative cost saving estimation for half duplex operation
	Functional block
(Ratio of RF to baseband cost 40:60)
	Recommended cost breakdown

(for Evaluation)
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6
	Source 7

	RF
	
	
	
	
	
	
	
	

	Power amplifier
	25%-30%
	
	
	NA
	NA
	
	
	NA

	Filters
	5%-10%
	
	
	NA
	NA
	
	
	20%

	RF transceiver

( including LNAs, mixer, and local oscillator)
	40%-50%
	
	
	NA
	NA
	
	
	20%

	Duplexer /Switch
	15%-25%
	
	80%
	67%
	90%
	70-80%
	
	80%

	Other
	0%-10%
	
	
	NA
	NA
	
	
	NA

	Total of RF
	95%-110%
	15%
	20%
	10-17%
	20%
	10-20%
	15%
	20-32%

	Baseband
	
	
	
	
	
	
	
	

	ADC / DAC 
	10%
	
	
	NA
	NA
	
	
	NA

	FFT/IFFT
	5%
	
	
	NA
	NA
	
	
	30%

	Post-FFT data buffering
	10%-15%
	
	
	NA
	NA
	
	
	NA

	Receiver processing block
	20%-35%
	
	
	NA
	NA
	
	
	20%

	Turbo decoding
	5%-15%
	
	
	NA
	NA
	
	
	NA

	HARQ  buffer
	10%-15%
	
	
	NA
	NA
	
	
	NA

	DL control processing & decoder
	5%
	
	
	NA
	NA
	
	
	NA

	Synchronization / cell search block
	10%-15%
	
	
	NA
	NA
	
	
	NA

	UL processing block
	5%-10%
	
	
	NA
	NA
	
	
	20%

	MIMO specific processing blocks
	5%-15%
	
	
	NA
	NA
	
	
	NA

	Other
	0%
	
	
	NA
	NA
	
	
	NA

	Total of Baseband
	90%-110%
	0%
	0%
	0%
	NA
	0%
	5-10%
	6.5-10.5%

	Overall relative cost savings
	
	6%
	8%
	4-7%
	8%
	4-8%
	9-12%
	12-19%
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