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1. Summary
In Orlando in was agreed to have (at most) one OFDM-symbol (OS) based interleaving, with interleaving on a modulation symbol (RE) basis. There are two FFS items:

· FFS whether additional S/P bit interlacing or S/P separation in FD

· FFS whether the interleaver is an identity interleaver (ie no interleaving)

This contribution provides simulation results investigating the FFS of whether the interleaver should in fact be an identity interleaver. Pros and cons of S/P interlacing (i.e., bit priority mapping) are considered as well. 

Based on the analysis, it is recommended that

· Bit-level channel interleaving is not included considering the inherent bit interleaving within a code block segment due to the CB RM. 

· Bit priority mapping, which is a type of bit interleaving, is not included.  

· Given the WA, for the DL, channel interleaving of modulation symbols should use identity interleaver (i.e., no interleaving) as it simplifies the processing with no performance degradation. Alternatively, channel interleaving within the slot boundary may be appropriate to get performance gain over 1-OS-based interleaving. 

· Apply CRC per transport block only.

2. Simulation Study of DL Channel Interleaver

Simulation studies were performed to examine the performance impact of various symbol-level channel interleavers. Due to the interleaving inherent in CB RM and frequency-first RE allocation (to reduce latency in the receiver), the purpose of the symbol-level channel interleaver is to capture the time variation of the channel across code block segments of a TB. Varying the scope of time diversity, the channel interleaving schemes tested are:

a) No interleaving;

b) Interleaving over data symbols within each OFDM symbol. 

c) Interleaving over data symbols within each slot.

d) Interleaving over all data symbols in the subframe. 

For (b)(c)(d), a random interleaving pattern is draw for each TB in the simulation to find the average performance of each scheme. In Table 1, the simulation conditions are listed. The simulation results are plotted in the Appendix. 
For channel conditions with little time variation, the channel interleaver is not expected to provide meaningful gain. This is illustrated by Figure 4 and Figure 5, which are shown for low Doppler speed of 3 km/hr. The channel interleaver has practically no impact on all the cases tested. 

For channel conditions with substantial time variation, the channel interleaver is expected to provide time-diversity gain. This is supported by examples in Figure 6 to Figure 11. 

· Figure 6 to Figure 11 show that there is approximately 0.5-0.7 dB gain from interleaving over the subframe, compared to no channel interleaving. 

· For TB size of 1500 bytes, two code block segments are used, approximately one code block segment per slot. Due to the inherent interleaving of the CB based rate matching for each code block segment, there is practically no gain from (b) or (c), as shown in Figure 6 and Figure 7.

· For TB size of 3000 bytes, four code block segments are used, approximately two code block segment per slot. There is a small gain (~0.2 dB) from (c), as shown in Figure 8 to Figure 11. Larger gains from (d) is expected for TBs of more code block segments.
Table 1. Simulation condition.
	Carrier BW
	20 MHz

	Carrier frequency
	2.0 GHz

	Frame structure
	Frame structure type 1, normal cyclic prefix

	Physical resources
	Contiguous RBs, 12 data OFDM symbols, 2 control OFDM symbols

	Antenna setting
	One transmit antenna, one receive antenna

	Channel
	GSM TU (12-ray)

	Doppler
	3 km/hr, 120 km/hr

	Channel estimation
	Perfect

	Rate matching
	Circular buffer based

	RV
	0

	Turbo decoder
	Max-log-map, 6 iterations

	Transport block sizes
	1500 bytes (2 code block segments); 

3000 bytes (4 code block segments)

	Modulation
	QPSK, 16-QAM, 64-QAM

	Code rate
	~0.5, ~0.75


3. Other Issues

3.1. Bit Priority Mapping

In [4], it was emphasized that to minimize latency LTE restrict the span of the bit interleaving, if any, to a code block segment.  The latency due to bit interleaving would be zero if no bit interleaving is needed after rate matching. For diversity purpose, this is possible for LTE since the circular buffer (CB) rate matching of turbo codes contains bit interleaving functions to achieve diversity. 

The only bit interleaving under consideration is for bit-priority mapping (BPM). BPM is a type of bit interleaving to leverage the different levels of reliability within a higher order QAM symbol. 

· For the 1st transmission of a TB, BPM provides very small performance gain (<0.2 dB in R1-072968) compared to no BPM. 

· For subsequent transmissions where the circular buffer is wrapped around to transmit systematic bits again, BPM (without constellation remapping) will hurt the link performance since the systematic bits would be assigned high reliability multiple times, while the parity bits are assigned low reliability multiple times. Performance loss compared to no BPM is expected due to the imbalance between the log-likelihood ratio (LLR) levels between the systematic bits and parity bits. 

In addition, BPM as defined in [1] incur latency in the DL processing chain. Thus it is recommended that BPM is not included in LTE. 
3.2. CRC per TB

There has been some discussion on applying one CRC each per code block instead of applying it on the entire transport block (TB). CRC per code block leads to an increased overhead without any significant savings in complexity and there is unlikely any significant power savings impact. In detail, the per-segment CRC may be utilized in two levels.

In the code block segment level, the per-segment CRC may be used as a stopping rule to stop decoding a code block segment before reaching the maximum number of decoding iterations, if the code block segment is believed to be successfully decoded. However, many metrics can be used as a stopping rule without any CRC information, such as the increase of LLR magnitude between iterations, etc (see [5] for discussion of stopping rules).

In the TB level, on one hand, to limit the probability of miss (CRC checks while the code block segment is in error), the per-segment CRC length cannot be too short, thus leading to relatively high overhead. On the other hand, it may appear that CRC check failure of an earlier code block segment may allow the receiver not to decode the subsequent code block segments of the same TB. The primarily beneficiary will be high data rate users with high operating point (transmission error rate). If, as an example, 90% of the time a TB is going to be successful, only 10% of the time, when multiple code blocks happen to be present, will there be possible power savings. Even in this 10% of the time when a TB is in error, on average 50% of the code blocks have to be decoded. Thus the difference is very small compared to always decoding the entire TB. Moreover, in MIMO operation, the benefits of per-segment CRC are unclear. 

Based on the considerations above, it is recommended that one CRC per TB as defined for HSDPA be adopted by LTE as well.
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Figure 4. Doppler speed 3 km/hr, TB size 1500 bytes, low MCS.
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Figure 5. Doppler speed 3 km/hr, TB size 3000 bytes, high MCS.
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Figure 6. Doppler speed 120 km/hr, TB size 1500 bytes, low MCS.
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Figure 7. Doppler speed 120 km/hr, TB size 1500 bytes, high MCS.
[image: image5.wmf]
Figure 8. Doppler speed 120 km/hr, TB size 3000 bytes, R=0.52, 16-QAM.
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Figure 9. Doppler speed 120 km/hr, TB size 3000 bytes, R=0.78, 16-QAM.
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Figure 10. Doppler speed 120 km/hr, TB size 3000 bytes, R=0.52, 64-QAM.
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Figure 11. Doppler speed 120 km/hr, TB size 3000 bytes, R=0.76, 64-QAM.
