3GPP TSG GERAN#29
GP-060733
San Jose Del Cabo, Mexico
April 24-28, 2006

Source: 
Motorola
Title:
Downlink Dual Carrier Inter-Carrier Interleaving 
Document for: 
Discussion

1. Introduction

Inter-Carrier Interleaving (ICI) was briefly presented in the Feasibility Study [1] for both uplink and downlink Dual Carrier (DC) operation. This contribution addresses dual carrier ICI only for the downlink.

ICI holds some potential for increasing the frequency diversity of the bursts comprising packet data blocks. However, significant complications are associated with the implementation of ICI (e.g., impact on allocation, assignment, signaling, PDCH mapping, handoff, USF, BS and MS complexity), and so it is necessary to compare the benefits to the costs.  
As considered here, ICI for downlink DC operation interleaves the four bursts of one radio block of one channel with the four bursts of one radio block of a second channel, both for a single timeslot assignment. 
2. Interleaving of Mobiles

Dual Carrier operation in combination with ICI allows for the possibility of interleaving two radio blocks to two mobiles (termed “dual-mobile interleaving”) in addition to the more classical approach of interleaving two radio blocks to a single DC mobile (termed “single-mobile interleaving”). 

While dual-mobile interleaving might add greater scheduling flexibility in the network, the two mobiles will experience different channels on each carrier and therefore may require different MCS blocks and transmitted power levels. ICI would become especially problematic if different modulation and/or transmitted power levels are used for each mobile. Therefore it is recommended that dual-mobile interleaving not be considered.

In the case of single-mobile interleaving, both transmitted radio blocks will have experienced virtually identical channels on reception at the DC mobile. Therefore, the same MCS and transmitted power level should be required for both radio blocks when considering single-mobile interleaving. 
3. Interleaving Details
An important consideration in the discussion of ICI is which portions of the transmitted bursts may be interleaved among both carriers.

Training Sequence Code (TSC), Uplink State Flag (USF) and Header
The Feasibility Study noted that the USF must be received by legacy mobiles which do not expect ICI. The proposed solution interleaves the data across the two carriers, but does not interleave the USF and header. Therefore TSCs cannot be interleaved since legacy mobiles need to function on an ICI channel.
Additionally, it is desirable any ICI proposal should be generically applicable to all CS and MCS logical channels and have low complexity. To achieve this care should be taken to address the details of the construction of the logical channels. For example, from 43.064 clause 6.5.5.1.1, 

“For CS-1, the whole Radio Block is convolutionally coded and USF needs to be decoded as part of the data. All other coding schemes generate the same 12 bit code for USF. The USF can be decoded either as a block code or as part of the data.”

Since ICI cannot be allowed to impact the performance of legacy mobile decoding of the USF, it may become necessary to preclude the use of ICI with CS-1. 

Header
As noted in the Feasibility Study, it is preferable to interleave only the data portion to a DC mobile. One issue that requires clearer understanding is the potential performance imbalance between the data on one hand and USF and header portions on the other. The imbalance may become substantial if one carrier is on the BCCH and the other carrier is on the hopping layer. Nonetheless, for all MCS channels, the header and USF are more heavily coded than the data portion, so there is some room to improve the overall performance before either the USF or the header become a limiting factor.
Note that in MCS-5 through MCS-9, the symbol interleaving for 8-PSK combines bits from the header and the data for some symbols in the vicinity of the mid-amble. Therefore, to allow legacy mobiles to decode the header, any 8-PSK symbols containing bits from the header should not be interleaved across the two carriers. 
4. Performance With Interleaving
Link simulations were performed with and without ICI
 on a TU03 channel, and results are presented in Table 1 as the Eb/No required to achieve 10% BLER. Simulations were carried out for both adjacent and independent dual carriers, with no frequency hopping and with random frequency hopping over 12 contiguous carriers. No impairments were modeled in the simulations. From Table 1, it can be observed that ICI exhibits a gain of up to 1.1dB for low coding rates, and a loss of up to 0.9dB for high coding rates. 
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Table 1. Eb/No for 10% BLER for a TU03 channel at 850MHz, both with no frequency hopping and with random frequency hopping over 12 contiguous carriers.
In Table 2 simulation results are presented for the TU50 channel, both with no frequency hopping and with random frequency hopping over 45 contiguous carriers. Gains of up to 1dB for low coding rates, and losses of up to 1.2dB for high coding rates are observed.
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Table 2. Eb/No for 10% BLER for a TU50 channel at 850MHz, both with no frequency hopping and with random frequency hopping over 45 contiguous carriers.

While the impact of ICI for widely separated, non-hopped carriers remains to be assessed, the gains demonstrated by Mobile Station Receive Diversity (MSRD) are much larger than even the largest ICI gains in Table 1 and Table 2. Therefore it is more spectrally efficient to schedule timeslots serially on a single carrier to support MSRD than to use fewer timeslots on two carriers to support DC operation either with or without ICI. 
Finally, all ICI simulations results assume on average, similar dual carrier channels. This would not be the case for a deployment on NH+FH carriers, such as would occur with the use of the BCCH in combination with a carrier on the hopping layer. In this situation, it may be better for a DC mobile not to use ICI on the averaged channel, and instead operate on the two unique channels with independent MCSs and power control selections. This conjecture would need to be verified with link and system simulations.
5. Dynamic Scheduling of ICI
Because the gain or loss associated with the use of ICI is MCS-dependent, the network must have the ability to enable and disable ICI, on a block-by-block basis, as it changes MCS. Similarly, the network must be able to schedule either one or two carriers to a mobile within a timeslot. Therefore, the DC+ICI capable mobile must be prepared to receive either one or two carriers within a timeslot, and if two carriers are received, to identify whether or not ICI was enabled. This appears either to require speculative decoding of the data portion, or the creation of a new flag within the header. The DC mobile would receive all four bursts on each of the two carriers and decode the two headers. If the two headers indicate the same MCS and the assignment of two TFIs  to a single DC TBF, then the data portion may or may not incorporate ICI. If the header definitions are extended to include a flag to indicate whether or not ICI is enabled, this flag can be used to determine whether ICI must be removed from the data portion of the bursts; otherwise, the receiving DC mobile must attempt decoding on the data portion with and without removal of ICI interleaving from the data portion.
6. CQI Reporting With ICI
If a DC mobile receives some blocks with ICI and some without, the network will need to know the performance of each carrier both separately and in combination for the averaged ICI carrier. At a minimum, the mobile should report CQI separately for the two carriers. It remains to be seen if the network can estimate the performance with ICI, or whether additional measurements are required on a carrier-interleaved channel. The former approach would raise concerns with respect to estimation error while the latter would require 3 channel reports for only 2 physical channels.
7. Conclusions and Recommendations
Inter-Carrier Interleaving (ICI) for downlink Dual Carrier (DC) has a small performance benefit for most MCSs, and a slight benefit or degradation for other MCSs. In all cases, the ICI performance gain is significantly less than the MSRD gain.
ICI would only be used for the data portion of a block, so that legacy mobiles can decode the USF and headers sent to ICI dual carrier mobiles. 

ICI should not be used to interleave between blocks for different DC mobiles within the same timeslot. With single-mobile interleaving, the network should select and use a single MCS for both blocks when ICI is enabled. 

ICI could be an option in the BS and required in a DC MS, with additional class marks and signaling to indicate its availability and enable its use. If a DC MS is ICI-capable and allocated two carriers on one timeslot, it must decode the headers and, if no flag is used to indicate the use of ICI, speculatively decode the data portion with and without assumption of the use of ICI. 

There may be an issue for legacy base stations to perform ICI on downlink Dual Carrier, as the two channels must be interleaved in the midst of their encoding and modulation processes. The hardware and software impact must be determined by each base station manufacturer. 

Given the limited performance benefit of ICI and the many operational constraints and limitations, it is recommended that ICI not be standardized.
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� USF, header and data bits were interleaved during simulation.





