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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document is the technical report for the work item on LTE TDD HeNB RF requirements, which was approved at TSG RAN#43. The objective of the WI is to first identify the relevant scenarios and then write an RF requirements specification that is applicable to LTE TDD HeNB.
2
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For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
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[5] R4-091736, “Consideration on E-UTRA home base station Frequency error requirement”, CATT, RAN4 #51.
[6] Michael Speth et al. Optimum Receiver Design for Wireless Broad-Band Systems Using OFDM—Part I, IEEE Trans. on communications, vol.47, no.11, Nov. 1999.
[7] Richard van Nee and Ramjee Prasad. OFDM for Wireless Multimedia Communications. Artech. House, 2000.
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…

[x]
<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".

3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
General
This work item has the following objectives:

1. Specify the RF requirements for the E-UTRA TDD Home eNodeB in TS36.104 and the corresponding updates on the test specification in TS36.141. Some requirements could refer to the outcome of existing/ongoing related studies.

2. Investigate and find out effective interference control schemes to ensure good performance of both macro layer and HeNB. Although some of the studies could refer to UTRA HNB related work experience, e.g. deployment/interference scenarios, amount of studies are needed to find out the effective interference control schemes due to different physical techniques and system characters between E-UTRA and UTRA. The work should include but not be limited to the followings,

· The operator has the means to obtain interference control related measurements reports from HeNB and/or HUE, e.g. the strength of signals and the identity from the macro cell layer and from other HeNBs. 

· The operator has the means to set the maximum output power and/or frequency of HeNB. This is expected to introduce changes to TS36.104.
· The operator has the means to coordinate the HeNB and eNB timing and TDD configuration. This is expected to introduce changes to TS36.104.
· The operator has guidance on how to control HeNB power and expected performance levels in the relevant scenarios.  
The scope of this work item is limited to the LTE TDD mode.

5
Radio scenarios 

5.1
Deployment configurations

In TR 25.967 [4], a number of different deployment configurations have been considered for FDD Home NodeB, including:

· Open access or CSG (Closed Subscriber Group)

· Dedicated channel or co-channel

· Fixed or adaptive (DL) maximum transmit power

For FDD or TDD Home eNodeB, the following deployment configuration should be considered in addition to the ones listed above:

· Fixed or adaptive resource partitioning

Specifically, the resource partitioning could be performed in frequency, time or spatial dimensions for interference coordination.

Frequency partitioning

Most existing LTE ICIC mechanisms belong to this category, e.g., FFR and SFR. Frequency partitioning can be combined with power control to achieve better performance. Different from the partial co-channel configuration for HNB [4], frequency partitioning can be performed at the granularities of RBs within a carrier, as shown in Figure 5.1-1, which enables more flexible coordination not only between Macro and Home eNodeB, but also between the Home eNodeBs. For the frequency partitioning method, the Adjacent Channel Power Leakage (ACPL) problem should be taken into account in performance evaluation, similar to the dedicated channel configuration. If adaptive frequency partitioning is used, possible information exchanges between Home eNodeBs may need to be supported.
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Figure 5.1-1 Frequency Partitioning
Time partitioning

The resources used in Macro and Home eNodeBs can also be partitioned and coordinated in the time dimension. Different time zone or UL-DL configurations between HeNBs and macro eNBs or among HeNBs under specific conditions may provide some flexibility for interference coordination. However, it may also bring new interference risks. Further interference mitigation method based on the time partitioning is FFS.

Spatial partitioning

Due to uplink-downlink channel reciprocity, TDD HeNBs can use beam coordination to improve interference conditions. For example, the HeNB can avoid beam collision with the Macro or other Home eNBs in a proactive or reactive way. These mechanisms may require a certain amount of information exchange between the HeNBs.
5.2
Interference scenarios

Table 5.2-1 and Figure 5.2-1 show the possible HeNB related interference scenarios. The listed interference scenarios are the same for both TDD and FDD. The main difference may exist in how to model the interference, especially for some control channels that are always present, e.g., BCH, SCH. For both TDD and FDD, we propose to evaluate the control interference based on the assumption that different base stations are synchronized to ensure the system performance even under the worst circumstance.

Table 5.2-1 Interference scenarios
	Number
	Aggressor
	Victim
	Priority

	1
	UE attached to Home eNode B
	Macro eNode B Uplink
	Yes

	2
	Home eNode B
	Macro eNode B Downlink
	Yes

	3
	UE attached to Macro eNode B
	Home eNode B Uplink
	Yes

	4
	Macro eNode B
	Home eNode B Downlink
	

	5
	UE attached to Home eNode B
	Home eNode B Uplink
	Yes

	6
	Home eNode B
	Home eNode B Downlink
	Yes

	7
	UE attached to Home eNode B and/or Home eNode B
	Other System
	

	8
	Other System
	UE attached to Home eNode B and/or Home eNode B
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Figure 5.2-1 Interference Scenarios
6
RF Aspects

6.1
Base station classes
<Text will be added.>

6.2
Transmitter characteristics

6.2.1
Control of HeNB output power

<Text will be added.>

6.2.2
Maximum HeNB output power

<Text will be added.>

6.2.3
Frequency error

Frequency error is the measure of the difference between the actual BS transmit frequency and the assigned frequency. The same source shall be used for RF frequency and data clock generation. Frequencies accuracy is an important RF requirement for HeNB. A reasonable tradeoff between the cost and system performance should be made to derive the frequency error for HeNB. Frequency accuracy will affect the system performance in many areas, such as handover performance, cell throughput and timing etc.

6.2.3.1
Handover performance
Frequency accuracy requirement will affect the measurement precision, which may degrade the handover performance. For HeNB, there are three kinds of handover scenarios, (1) handover from eNB to HeNB, (2) handover from HeNB to eNB, (3) handover between HeNBs. Since eNB usually has a better frequency accuracy performance than HeNB, the handover between HeNBs is the worst scenario. Although the handover scenarios of HeNB have not been defined clearly in 3GPP, the frequency error should support all possible scenarios.
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Figure 6.2.3.1-1 Handover between HeNB
For macro cells, eNB can support the handover at the speed of 350km/h. For home environment, the maximum speed of UE is only 30km/h. Since the frequency error of ±0.05ppm and speed of 350km/h can be supported by EUTRA, the frequency error of HeNB should be relaxed because of the limited maximum speed. The computation is same to the analysis in [5]. Assuming the operating frequency is 2.6GHz, the frequency accuracy of HeNB should be within ±0.34ppm.

6.2.3.2
Cell capacity
One of the main motivations to introduce HeNB is providing high data rate services for indoor environment. Therefore, the high order modulation and coding scheme such as 64QAM 5/6 must be supported by HeNB. However, for OFDM, the performance is sensitive to the frequency error especially for the high order modulation. Figure 6.2.3.2-1 shows the SNR degradation because of the frequency error in OFDM [6]. For example, if the signal to noise ratio (SNR) is 20dB, the performance degradation can be ignored when the frequency error is less than 100Hz. If the frequency error is 400Hz, the performance degradation will be larger than 1dB, which implies the signal to inter-subcarrier interference and noise ratio (SINR) is less than 19dB.
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Figure 6.2.3.2-1 SNR degradation VS frequency error

In fact, the performance degradation is related to the Doppler shift and the relative error between HeNB and UE. Usually, frequency error estimation and compensation are necessary in UE to ensure the link performance. Therefore, the link performance depends on the performance of the estimation and compensation algorithms. According to the OFDM performance analysis, as long as the residual frequency error after compensation is less than one percent of the subcarrier interval, the link performance degradation can be ignored [7]. Therefore, in LTE systems, the residual frequency error cannot be larger than 150Hz.

As the UE is able to compensate several hundreds of Hz, and even several KHz based on commonly used frequency estimation algorithms, the performance degradation could be ignored if the frequency error of HeNB is relaxed to 0.34ppm (884Hz).

6.2.3.3
Timing

As the carrier frequency source is also used to generate the data clock [8], the frequency error is also relative to the synchronization period when the network listening scheme is applied [9]. As the HeNB cannot capture the GPS timing signal in most deployment scenarios, network listening scheme is a feasible synchronization solution for HeNB. HeNB may periodically utilize a synchronization signal such as the primary synchronization sequence (PSS), secondary synchronization sequence (SSS) and common reference signal (CRS) from eNB to drive its timing. According to the analysis in [9], the maximum synchronization period can be computed and listed in Table 6.2.3.3-1. Note that the frequency error is the relative frequency error between eNB and HeNB, or HeNB and HeNB. For example, if the frequency error of HeNB is 0.25ppm, the relative frequency error between eNB and HeNB is range from 0.2ppm to 0.3ppm, and the relative frequency error between HeNBs is range from 0 to 0.5ppm.

Table 6.2.3.3-1 Synchronization maintenance periods with different frequency error values

	Frequency error
	Maximum synchronization period

	0.2ppm
	7.5s

	0.3ppm
	5s

	0.4ppm
	3.75s

	0.5ppm
	3s
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Figure 6.2.3.3-1 Network listening synchronization scheme
According to the above analysis, if the frequency error of HeNB is stricter than 0.3ppm, the synchronization maintenance period and related overhead seem to be acceptable.

6.2.3.4
Minimum requirement

The modulated carrier frequency of the BS shall be accurate to within ±0.25 ppm observed over a period of one subframe (1ms).
6.2.4
Adjacent Channel Leakage power Ratio (ACLR)
Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency.

The requirements shall apply whatever the type of transmitter considered (single carrier or multi-carrier). It applies for all transmission modes foreseen by the manufacturer's specification. For a multi-carrier BS, the requirement applies for the adjacent channel frequencies below the lowest carrier frequency transmitted by the BS and above the highest carrier frequency transmitted by the BS for each supported multi-carrier transmission configuration. The requirement applies during the transmitter ON period.
Reasonable ACLR requirements should be made to ensure the performance of macrocell operating in adjacent channel. The relative and absolute ACLR requirements had been studied in reference [10-13], the main focus is ensuring the downlink performance of the macrocell and both base station adjacent leakage power and UE blocking characteristics were considered.

6.2.4.1
Minimum requirement

The ACLR is defined with a square filter of bandwidth equal to the transmission bandwidth configuration of the transmitted signal (BWConfig) centred on the assigned channel frequency and a filter centred on the adjacent channel frequency according to the tables below. Either the ACLR limits in the tables below or the absolute limit of -50dBm/MHz apply, whichever is less stringent.

Table 6.2.4.1-1: Home eNodeB ACLR in unpaired spectrum with synchronized operation

	E-UTRA transmitted signal channel bandwidth BWChannel [MHz] 
	BS adjacent channel centre frequency offset below the first or above the last carrier centre frequency transmitted
	Assumed adjacent channel carrier (informative)
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit

	1.4, 3
	BWChannel
	E-UTRA of same BW
	Square (BWConfig)
	45 dB

	
	2 x BWChannel
	E-UTRA of same BW
	Square (BWConfig)
	45 dB

	5, 10, 15, 20
	BWChannel
	E-UTRA of same BW
	Square (BWConfig)
	45 dB

	
	2 x BWChannel
	E-UTRA of same BW
	Square (BWConfig)
	45 dB

	NOTE 1:
BWChannel and BWConfig are the channel bandwidth and transmission bandwidth configuration of the E-UTRA transmitted signal on the assigned channel frequency.
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6.4
Performance requirement
Compared with macro eNodeB, HeNB is usually deployed for indoor scenarios. The propagation conditions will contain more multi-paths with smaller multi-path delay due to the rich scattering characteristic of indoor environment. In LTE systems, which is based on multiple carrier frequencies with CP to combat the multi-path fading, the indoor demodulation performance can be expected at least as good as that under outdoor channel model. Furthermore, UE attached to HeNB is usually considered to move at a speed no faster than 30km/h, which corresponds to a maximum Doppler frequency of about 70Hz. Thus, it is feasible to define the HeNB performance requirements by utilizing some specific macro eNodeB test cases with low speeds.
For multi-path fading propagation conditions shown in B.2 of TS36.104, EPA model with a maximum Doppler frequency no larger than 70Hz is considered for TD-LTE HeNB demodulation performance and the performance requirements remain the same as that in TS36.104 accordingly.
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