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1 Introduction
Code hopping refers to periodically changing the spreading code of a user in a short-code CDMA system. Code hopping has been found to be an effective way of improving performance and reducing performance variability of a short-code CDMA system [4]. In the current UTRA TDD system, code hopping is implemented in the form of Cell Parameter Cycling, where different scrambling codes are used for odd and even numbered frames. However EU-TDD will not be able to exploit this feature as the TTI of an EU-TDD transport channel is likely to be 10ms or less. In this contribution we propose an intra-frame code hopping scheme for EU-TDD. 
Cell Parameter Cycling was introduced in UTRA TDD primarily to improve robustness of channel estimation to interference [1]. As alternate frames are assigned different midamble sequences the correlation between the midamble sequences and the interfering signals would also be different. It was suggested that spurious peaks in channel estimates may be reduced significantly by combining channel estimates computed over consecutive frames [1]. However it was later shown that cell parameter cycling only improves channel estimation slightly even for worst case interference scenarios [3]. 
Nevertheless it has been shown that cycling scrambling sequence, a form of code hopping, can significantly improve link performance when combined with interleaving in UTRA TDD [2]. We illustrate this as follows: Consider the case when a transport channel is mapped to physical channels spanning several frames as shown in Figure 1. 

[image: image1]
Figure 1 Physical Channel Structure
Now the received uplink signal, 
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	denotes the system matrix which whose columns are spreading codes convolved with channel impulses corresponding to intracell users’ data symbols in timeslot i
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	a column vector containing the symbols transmitted by intracell users in timeslot i. 

	
[image: image7.wmf]z


	represents inter-cell interference and

	n
	represents AWGN with zero mean and variance 
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Let 
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denote the linear filter used at the receiver to detect the transmitted symbols belonging to the k-th user. (Note that the RAKE and linear multiuser receiver may be described this way.) The detected symbol corresponding to the k-th user may be written as
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In general, linear filter 
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is a function of all intracell users’ spreading codes and estimated channel impulses. Therefore the average SINR of the output 
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, can vary between timeslots in alternate frames (even if the channel responses remain constant) as the spreading sequences of each user (and hence 
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) are varied. Note that the spreading code of each user is determined by the corresponding scrambling code and channelization code. This variation in the SINR of
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 is due to

1. the gaussian noise component, given by 
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, which has variance 
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2. the intercell interference component given by 
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Transmitting a block of data across multiple frames provides a form of diversity over interference and noise. Thus we can improve the average performance of a user by interleaving coded data across frames, in a similar way to improving performance in a fading channel by interleaving data over a time period larger than the channel’s coherence time.
In the case of EU-TDD, with TTI <= 10ms, it is not possible to exploit gains from (scrambling) code hopping by interleaving data across radio frames. Hence an intra-frame code hopping scheme is required. It is possible to implement another form of code hopping in the current system (Rel-5), by forcing the network to allocate different channelization codes for each UE when an allocation is made over multiple timeslots within a frame. However this will significantly increase the required signaling resources.
2 Intra-frame Code Hopping Scheme
The effective spreading code of a burst is determined by the scrambling code and the channelization code. A common scrambling code and a unique channelization code are used for bursts transmitted in a timeslot within a cell. Thus code hopping may be implemented either by cycling scrambling codes, cycling the channelization codes or by a combination of both. We propose a code hopping scheme for EU-TDD where only the scrambling code is changed on a slot-by-slot basis for all uplink users in the cell. As earlier studies have shown that midamble code cycling does not give significant gain in channel estimation performance, we propose not to cycle the base midamble codes.
In the proposed scheme, the scrambling code is changed on a slot-by-slot basis within each frame as shown in Figure 2. All users in a cell use a common scrambling code in a timeslot. The hopping period may be set to any number of timeslots up to 15. Making the hopping period greater than 15 will not provide any gain as the TTI is <=10ms. The scrambling codes used for code hopping can either belong to the set of scrambling codes defined in TS 25.223 [5] or a new set of scrambling codes may be defined. If existing scrambling codes were to be used, careful network planning is necessary to avoid an EU-TDD burst using the same scrambling code as a non EU-TDD burst in a neighbouring cell, or a pool of reserved scrambling codes could be set aside for EU-TDD which do not overlap with the scrambling codes used in legacy cells.. The details of the proposed hopping scheme are for further study.
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Figure 2 Proposed Scrambling Code Hopping Scheme
As the receiver updates channel estimates every slot and detects the received signal slot by slot, intra-frame code hopping will not incur significantly more complexity. The scrambling code needs to be looked up or computed every slot as opposed to once per frame in the current system. The memory and time requirements for this operation is insignificant compared to the overall complexity of signal detection.
3 Backward Compatibility Issues

It is possible that users in a cell transmit a mixture of EU-TDD and non-EU-TDD bursts in the same timeslot. Each burst will be allocated a unique channelization code. The scrambling code used by the EU-TDD users will be different from the scrambling code used by the non-EU-TDD users. Thus the scrambling code set used for EU-TDD must have good cross correlation properties with the scrambling codes set defined in TS 25.223 [5]. 
The inter-cell interference caused by EU-TDD bursts to neighbouring cells will be less severe over a radio frame in the sense that the interference will be randomised due to code hopping. However it should be guaranteed that users in neighbouring cells will not use the same or highly correlated scrambling codes in any timeslots. This may be accomplished either by using a new scrambling code set for EU-TDD or by network planning in the case when the current scrambling code set is used.
4 Simulation Results

In this section we present simulation results generated under the following conditions:

	Chip Rate
	3.84 Mcps

	Burst Type
	2

	Modulation
	QPSK

	Spreading Factor
	16

	Channel Model
	AWGN; each user is given a uniformly distributed random delay in the range [0, 4] chips. All users within the cell are assumed to be perfectly power controlled.

	Channel Estimation
	Perfect

	FEC
	1/3 and ¾ rate Turbo code; iterative MAP decoding with 4 iterations

	Physical channel structure
	Each uplink user in the cell of interest is allocated one channelization code in the same 4 consecutive timeslots every frame (employing code hopping if applicable)

	Intra-cell interferers
	11 uplink users in addition to the user of interest (employing code hopping if applicable)

	Inter-cell interference
	1 user allocated a single SF 16 code in each timeslot; no code hopping is applied.

	Detection
	Users in the cell of interest are jointly detected using a linear MMSE receiver.
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Figure 3 Performance in the presence of intra-cell interference only
As described above all users in the cell of interest are allocated a distinct SF 16 channelization code over the same four consecutive timeslots. Scrambling codes ‘Code 0’, ‘Code 1’, ‘Code 2’ and ‘Code 3’, are applied to all bursts transmitted in first, second, third and fourth uplink timeslot respectively, where ‘Code 0’ to ‘Code 3’are as defined in Annex A TR 25.223 [5]. An AWGN channel model is assumed in order to investigate the gains of code cycling in isolation i.e. without considering gains from interleaving in a fading channel.

Figure 3 compares the uplink block error rate performance with and without code hopping in the presence of intra-cell interference only. Observe that code hopping gives a reduction over 1 dB in the SNR required to achieve a BLER of 1%. 
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Figure 4 Performance in the presence of inter-cell and intra-cell interference
Figure 4 shows performance with and without code hopping in the presence of inter-cell interference and intra-cell interference. It is assumed that the inter-cell interferer does not employ code hopping. As such, the inter-cell interferer transmits a burst using the same scrambling code (randomly selected every frame) and the same channelization code (randomly selected every frame) every timeslot. The gain from code hopping is high as the inter-cell interference is highly correlated across the timeslots in a frame, if code hopping is not employed. Figure 4 shows that code hopping results in 2-4dB reduction in SIR required for 1% BLER. 
We observe, from Figure 3 and Figure 4 that the gain from using code hopping is higher for the 1/3 rate turbo code compared to the ¾ rate code. This is as expected since a more powerful code is able to better exploit interleaving.

5 Conclusions

We have presented an intra-frame code hopping scheme for EU-TDD. Simulations results show that code hopping can significantly improves robustness to both inter-cell and intra-cell interference. Based on this document we make the text proposal given below for TR 25.804.
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6.5.2 Intra-frame Scrambling Code Hopping

Code hopping has been found to be an effective technique for improving performance and reducing performance variability of a short-code CDMA system. In the current UTRA TDD system, code hopping is implemented in the form of Cell Parameter Cycling. However EU-TDD will not be able to exploit this feature as the TTI of an EU-TDD transport channel will be 10ms or less. Hence intra-frame code hopping is required for EU-TDD.
The effective spreading code of a burst is determined by the scrambling code and the channelization code. A common scrambling code and a unique channelization code are used for bursts transmitted in a timeslot within a cell. Code hopping may be implemented either by cycling scrambling codes, cycling the channelization codes or by a combination of both. 

An intra-frame code hopping scheme for EU-TDD where only the scrambling code is changed on a slot-by-slot basis for all uplink users in the cell is suggested. In the proposed scheme, the scrambling code is changed on a slot-by-slot basis within each frame as shown in Figure [F1]. The hopping period may be set to any number of timeslots up to 15. Making the hopping period greater than 15 timeslots (10 ms) will not provide any additional gain as the TTI is at most 10ms. The scrambling codes used for code hopping can either belong to the set of scrambling codes defined in TS 25.223 or a new set of scrambling codes may be defined. If existing scrambling codes were to be used, careful network planning is necessary to avoid an EU-TDD burst using the same scrambling code as a non EU-TDD burst in a neighbouring cell. The details of the proposed hopping scheme are for further study.
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Figure [F1] Proposed Scrambling Code Hopping Scheme
8.4 
Physical Layer Enhancements
8.4.1
Performance Evaluation

8.4.2
Complexity Evaluation <UE and UTRAN impacts>

8.4.3
Downlink Signalling

8.4.4
Uplink Signalling

8.4.5
Compatibility with earlier Releases

8.4.1
Intra-frame Scrambling Code Hopping

8.4.1.1 Performance Evaluation
In this section we present simulation results generated under the following conditions:

	Chip Rate
	3.84 Mcps

	Burst Type
	2

	Modulation
	QPSK

	Spreading Factor
	16

	Channel Model
	AWGN; each user is given a uniformly distributed random delay in the range [0, 4] chips. All users within the cell are assumed to be perfectly power controlled.

	Channel Estimation
	Perfect

	FEC
	1/3 and ¾ rate Turbo code; iterative MAP decoding with 4 iterations

	Physical channel structure
	Each uplink user in the cell of interest is allocated one channelization code in the same 4 consecutive timeslots every frame (employing code hopping if applicable)

	Intra-cell interferers
	11 uplink users in addition to the user of interest (employing code hopping if applicable)

	Inter-cell interference
	1 user allocated a single SF 16 code in each timeslot; no code hopping is applied.

	Detection
	Users in the cell of interest are jointly detected using a linear MMSE receiver.


As described above all users in the cell of interest are allocated a distinct SF 16 channelization code over the same four consecutive timeslots. Scrambling codes ‘Code 0’, ‘Code 1’, ‘Code 2’ and ‘Code 3’, are applied to all bursts transmitted in first, second, third and fourth uplink timeslot respectively, where ‘Code 0’ to ‘Code 3’are as defined in Annex A TR 25.223 [REF from 25.804]. An AWGN channel model is assumed in order to investigate the gains of code cycling in isolation i.e. without considering gains from interleaving in a fading channel.
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Figure [F2] Performance in the presence of intra-cell interference only
Figure [F2] compares the uplink block error rate performance with and without code hopping in the presence of intra-cell interference only. Observe that code hopping gives a reduction over 1 dB in the SNR required to achieve a BLER of 1% for both 1/3 rate and ¾ rate turbo codes. 
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Figure [F3] Performance in the presence of inter-cell and intra-cell interference
Figure [F3] shows performance with and without code hopping in the presence of inter-cell interference and intra-cell interference. It is assumed that the inter-cell interferer does not employ code hopping. As such, the inter-cell interferer transmits a burst using the same scrambling code (randomly selected every frame) and the same channelization code (randomly selected every frame) every timeslot. The gain from code hopping is high as the inter-cell interference is highly correlated across the timeslots in a frame, if code hopping is not employed. Figure 7 shows that code hopping results in 2-4dB reduction in SIR required for 1% BLER. 

We observe, from Figure [F2] and Figure [F3] that the gain from using code hopping is higher for the 1/3 rate turbo code compared to the ¾ rate code. This is as expected since a more powerful code is able to better exploit interleaving.
8.4.1.2 Complexity Evaluation
As the receiver updates channel estimates every slot and detects the received signal slot by slot, intra-frame code hopping will not incur significantly more complexity. The scrambling code needs to be looked up or computed every slot as opposed to once per frame in the current system. The memory and time requirements for this operation is insignificant compared to the overall complexity of signal detection.
8.4.1.3 Compatibility with Earlier Releases

It is possible that users in a cell transmit a mixture of EU-TDD and non-EU-TDD bursts in the same timeslot. Each burst will be allocated a unique channelization code. The scrambling code used by the EU-TDD users will be different from the scrambling code used by the non-EU-TDD users. Thus the scrambling code set used for EU-TDD must have good cross correlation properties with the scrambling codes set defined in TS 25.223. 

The inter-cell interference caused by EU-TDD bursts to neighbouring cells will be less severe over a radio frame in the sense that the interference will be randomised due to code hopping. However it should be guaranteed that users in neighbouring cells will not use the same or highly correlated scrambling codes in any timeslots. This may be accomplished either by using a new scrambling code set for EU-TDD or by network planning in the case when current scrambling code set is used.

<<<<<<<<<<<<<<<<<<<<<<<<<<< 
End Text Proposal 
>>>>>>>>>>>>>>>>>>>>>>>>>
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