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1. Introduction
Subframe bundling has been introduced to extend coverage. However, the current specification does not address how control information such as ACK/NACK, CQI/PMI and RI should be multiplexed when the uplink data is bundled. This contribution evaluates several options for multiplexing control information and provides a recommended approach.

2. Discussion 

A previous contribution [1] first introduced the issue of multiplexing control information when in subframe bundling mode. It presented three alternatives:
Alternative 1 – No multiplexing of control information during PUSCH subframe bundling

Alternative 2 – No multiplexing of CQI/PMI and RI during PUSCH subframe bundling, and allow multiplexing of ACK/NACK

Alternative 3 – No multiplexing of PUCCH CQI/PMI and RI during PUSCH subframe bundling, and allow multiplexing of ACK/NACK, and/or aperiodic CQI/PMI, and RI.

We believe there is no compelling reason to exclude PUCCH multiplexing and so propose a fourth alternative:


Alternative 4 – Allow multiplexing of ACK/NACK, and/or aperiodic CQI/PMI and RI, and/or PUCCH CQI/PMI and RI during PUSCH subframe bundling.

We think that ACK/NACK is required to be sent for proper operation of the downlink, so alternative 1 should be rejected.  

Concerning alternative 2 the argument provided in [1] for not including CQI info is that CQI/PMI and RI information in coverage/power limited UEs may not so critical. We do not share that opinion and believe CQI information may be quite important to enhance coverage and throughput. In Figure 1 below, we illustrate the importance of selecting good MCS values even at cell edge (0dB and -3dB) and therefore the need for CQI information.  The simulation is based on a fixed grant except for redundancy version (same MCS and RB allocation each TTI) and employs a realistic MMSE receiver on an EVA channel.  Clearly throughput has a large sensitivity on to the selected MCS even at cell edge.  

Because the RB allocation in that simulation was the same in each TTI of this simulation, it does not account for the advantage that could be obtained when frequency selective scheduling is used.  When FS CQI is reported, the eNB has the ability to schedule resources so that the cell-edge UE uses RBs that have better channel conditions, thus enhancing cell-edge performance and coverage.   We have also run simulations to estimate the variability of CQI across the configuration BW to estimate the additional gains in cell edge performance and coverage that could be obtained.  In that simulation, we generated random realizations of an EVA channel and computed the subband CQI in each part.  Figure 2 shows that the SINR can vary 7 dB for 3 RB subband allocations as use in TTI bundling mode. As cell-edge performance has been a concern for many operators, we feel very careful consideration must be given to proposals to remove CQI report from bundled TTIs. 
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Figure 1.  Throughput vs. code rate at cell edge
[image: image2.emf]0 5 10 15 20 25 30 35

-8

-7

-6

-5

-4

-3

-2

-1

0

Subband index

10*log10(ESNR)

ESINR per Subband where subband = 3RBs, SINR = -3 dB, Rank-1, VA channel


Figure 2. ESNR per subband
To further demonstrate the potential to improve cell edge performance via frequency-selective CQI, we also ran a simulation that compares the throughput resulting from a fixed 4 RB allocation to the throughput resulting from a 4 RB allocation corresponding the best subband reported in a UE selected FS CQI report.  The MCS is also selected according to the CQI reported in each case.  The bandwidth configuration is 100 RBs and a low speed EVA channel (with low delay CQI information) is assumed.  Note that approximately 100% throughput increase is achieved at 0dB SNR due to frequency-selective resource allocations.  
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Figure 3. Comparison of throughput with fixed subband allocation and best subband allocation based on frequency selective CQI
We hesitate to restrict the network’s ability to use frequency selective scheduling for UEs in TTI bundling mode by forbidding the reporting of CQI. If for a particular scenario CQI information is not needed or the overhead is deemed too large, the network is always free to simply not schedule CQI reports for the UE.  There is no need to preclude such reporting through specification.
Concerning alternative 3 this argument is provided in [1] “Allowing multiplexing of PUCCH CQI/PMI and RI could be difficult in terms of configuring the control information MCS, since the data may not be operating in a reasonable BLER range. We could support PUCCH CQI/PMI and RI repetition in PUSCH but this will create further complexity into the UE multiplexing chain. PUCCH CQI/PMI and RI repetition in PUSCH may cause additional complexity in UE logic also since PUCCH CQI/PMI and RI multiplexing may not be able to be initiated to be synchronized with data transmission due to PUCCH periodicity. On the other hand aperiodic CQI/PMI, and RI transmission is always synchronized with PUSCH data subframe bundled transmissions. So in alternative 3 we allow multiplexing of aperiodic CQI/PMI and RI that aperiodic CQI/PMI and RI is repeated during N bundled subframes. This will allow the eNB to utilize Chase combining gain, and re-use the normal (non subframe bundled) control information MCS calculations.”

We support their arguments for repeating aperiodic CQI/PMI and RI during the bundled subframes, and believe that multiplexing PUCCH CQI/PMI and RI repetition in PUSCH will cause additional complexity in UE logic but only if it is required to support arbitrary periodic CQI/PMI and RI. This is not however what we propose.   In our proposal periodic PUCCH CQI/PMI and RI is only multiplexed and repeated when it is coincident with the first TTI of the bundle and no aperiodic report is scheduled, in which case there is little or no increased complexity in the UE logic. This will allow the eNB to utilize Chase combining gain, and re-use the normal control information MCS calculations.  This approach will give the eNB flexibility in obtaining CQI/PMI and RI if it is desired, as both aperiodic and periodic reporting is supported for TTI bundling.  Though there are scheduling restrictions that the eNB must support to enable periodic reporting, it is not required to make such restrictions.  
The only changes to the RAN1 standards probably will be the following:

· state that periodic PUCCH CQI/PMI and RI is dropped when it is scheduled to be transmitted during a bundled TTI unless it is scheduled to be transmitted in the first TTI of the bundle
· state that the PUCCH CQI/PMI and RI is to be repeated in the following TTIs of the bundle
Note that until all the details of bundling are defined by RAN2, it is unclear whether these changes are required in RAN1 standards.
3. Conclusion

We presented simulations which showed the value of having CQI transmitted when the UE is at the cell edge, both in terms of achieving higher throughput by matching the MCS to the channel quality and in terms of increasing the SINR at the UE by using frequency-selective scheduling. We also argued that both aperiodic and periodic CQI information should be repeated in each subframe of the bundle, with the restriction that the PUCCH must be aligned with first TTI in the bundle.  Therefore we support alternative 4 – Allow multiplexing of ACK/NACK, and/or aperiodic CQI/PMI and RI, and/or PUCCH CQI/PMI and RI during PUSCH subframe bundling.

For alternative 4 the following actions or configuration should be specified in the specifications;

· ACK/NACK information multiplexing is allowed in the PUSCH
· When aperiodic CQI/PMI and RI is multiplexed with data, the MCS of CQI/PMI and RI is calculated utilizing normal multiplexing procedures, and the same control information is transmitted during each of the four bundled PUSCH subframes.

· PUCCH CQI/PMI or RI is multiplexed in the PUSCH when periodic PUCCH is scheduled to be transmitted in the first TTI of the bundle and no aperiodic report is scheduled; otherwise the UE shall drop the PUCCH CQI/PMI or RI. The PUCCH CQI/PMI or RI is repeated in each TTI of the bundle. When PUCCH CQI/PMI or RI is multiplexed with data, the MCS of CQI/PMI and RI is calculated utilizing normal multiplexing procedures, and the same control information is transmitted during each of the four bundled PUSCH subframes.

· When control data are sent via PUSCH without UL-SCH data, aperiodic CQI/PMI and RI shall be repeated during each of the PUSCH bundled subframes.
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