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1 introduction
As one of the potential candidate enhancements for TDD uplink, intra-frame Scrambling Code hopping for high chip rate TDD was evaluated in [1]. In this proposal, analysis of intra-frame Scrambling Code hopping for LCR TDD uplink is presented. The same code hopping scheme as that of high chip rate TDD is used, ref [2], where the scrambling code is changed on a slot by slot basis. The performance gain is evaluated by simulation. As can be seen from the simulation results, with the code hopping scheme, the performance is averaged since the interferences are randomised. However it is hard to draw a conclusion what is the performance gain since the system performance has a considerable dependency on the choice of scrambling codes. In practice, the scenario of bad scrambling codes can be avoided by proper planning. Thus the gain of code hopping expected is uncertain. 
2 Performance Evaluation

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

	Chip Rate
	1.28 Mcps

	Modulation
	QPSK

	Spreading Factor
	16

	Channel Model
	CASE3. All users within the cell are assumed to be perfectly power controlled.

	Channel Estimation
	Perfect

	FEC
	1/3 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. Case3 channel is assumed. 
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Figure 1: Performance in the presence of intra-cell interference only

Figure 1 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 an averaged performance. Compare to no-hopping with code 1, code hopping gives a reduction about 1.2dB in the SNR required to achieve a BLER of 1%. While, compare to no-hopping with code 0 code 2 and code3, the performance is degraded.
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Figure 2: Performance in the presence of inter-cell and intra-cell interference

Figure 2 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) and the same channelization code every timeslot. 
Observe that code hopping gives an averaged performance. Compare to no-hopping with code 1, code hopping gives a reduction about 0.5 dB in the SNR required to achieve a BLER of 1%. While, compare to no-hopping with code 0、２、３, the performance is degraded, the worst case the degradation is about 2.9 dB in the SNR required to achieve a BLER of 1%.

We observe, from Figure 1 and Figure 2, that the gain from using code hopping is uncertain, since the performance of current system depended greatly on the choice of scrambling code. In practice, code planning usually can be used to avoid some scenario. With proper code planning, the performance gain expected from code hopping is not so much and even there is some degradation in certain scenarios.

3 Complexity and Compatibility 

For the current LCR system, the scrambling code is a cell parameter that is not changed unless UE performs cell reselection. With intra-frame hopping scheme, the scrambling code is changed on slot by slot basis. The scrambling code needs to be looked up or computed every slot as opposed to once in the current system. This will incur some more requirements for UE memory and processing time.

And for compatibility issue, EU-TDD maybe co-exists with non-EU-TDD user. Thus the scrambling code set used for EU-TDD must have good cross correlation properties with the scrambling codes set current defined in TS 25.223. As [1] suggest, these can be achieved either by defining new code set or extra network planning.

However, from the simulation results showed above, the performance gain of code hopping depend on the scrambling codes chosen. And through proper network planning, the scenarios of bad scrambling codes can be avoided. Thus the performance gain of code hopping is not justified for the added complexity and more extra work needed.   

4 conclusion

As described above, with the code hopping scheme, the performance is averaged since the interferences are randomised. However, the gain of code hopping expected is uncertain. And in certain case, the performance even degrades. Also intra-frame hopping scheme increases the complexity of the UE. Therefore, we don’t suggest adopt intra-frame hopping for LCR enhanced uplink.
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8.4.1   Intra-frame Scrambling Code Hopping (3.84Mcps TDD)
8.4.1a
Intra-frame Scrambling Code Hopping (1.28Mcps TDD)
8.4.1.1a
Performance Evaluation

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

	Chip Rate
	1.28 Mcps

	Modulation
	QPSK

	Spreading Factor
	16

	Channel Model
	CASE3. All users within the cell are assumed to be perfectly power controlled.

	Channel Estimation
	Perfect

	FEC
	1/3 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. Case3 channel is assumed. 
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Figure 8.4.1.1.1a: Performance in the presence of intra-cell interference only

Figure 8.4.1.1.1a 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 an averaged performance. Compare to no-hopping with code 1, code hopping gives a reduction about 1.2dB in the SNR required to achieve a BLER of 1%. While, compare to no-hopping with code 0 code 2 and code3, the performance is degraded.
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Figure 8.4.1.1.2a: Performance in the presence of inter-cell and intra-cell interference

Figure 8.4.1.1.2a 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) and the same channelization code every timeslot. 
Observe that code hopping gives an averaged performance. Compare to no-hopping with code 1, code hopping gives a reduction about 0.5 dB in the SNR required to achieve a BLER of 1%. While, compare to no-hopping with code 0、２、３, the performance is degraded, the worst case the degradation is about 2.9 dB in the SNR required to achieve a BLER of 1%.

We observe, from Figure 1 and Figure 2, that the gain from using code hopping is uncertain, since the performance of current system depended greatly on the choice of scrambling code. In practice, code planning usually can be used to avoid some scenario. With proper code planning, the performance gain expected from code hopping is not so much and even there is some degradation in certain scenarios.

8.4.1.2a Complexity and Compatibility 

For the current LCR system, the scrambling code is a cell parameter that is not changed unless UE performs cell reselection. With intra-frame hopping scheme, the scrambling code is changed on slot by slot basis. The scrambling code needs to be looked up or computed every slot as opposed to once in the current system. This will incur some more requirements for UE memory and processing time.

And for compatibility issue, EU-TDD maybe co-exists with non-EU-TDD user. Thus the scrambling code set used for EU-TDD must have good cross correlation properties with the scrambling codes set current defined in TS 25.223. These can be achieved either by defining new code set or extra network planning.

However, from the simulation results showed above, the performance gain of code hopping depend on the scrambling codes chosen. And through proper network planning, the scenarios of bad scrambling codes can be avoided. Thus the performance gain of code hopping is not justified for the added complexity and more extra work needed.
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