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1.1. Introduction

Although subframe bundling for data for coverage limited scenarios, the current specification is not clear how control information such as CQI/PMI and Rank should be multiplexed when the uplink data in bundled. This contribution tries to address issues which control information multiplexing in PUSCH when PUSCH data transmission is being subframe bundled.
2.1. Available options for control information multiplexing during subframe bundling
In LTE we have a mechanism called subframe bundling in order to extend coverage for the cell edge UEs. During subframe bundling data transmissions, it can be so that the code rate of the data transmission can be very high. One example would be 320 bit QPSK entry in the 1RB MCS table. The transmission of 320 bits using QPSK in 1 RB will result in code rate of higher than 1 for data. Control information obviously to not have the HARQ mechanisms to support code rate of higher than 1. And even though we already have some mechanism called the offset value to compensate the reference code rate being used the data transmission, it is rather questionable this offset value should compensate even if the reference code rate is higher than 1, or even reference code rate close to 0.9 for that matter. Here we outline 3 options which could address this issue.

2.1. Alternative 1 – No multiplexing of control information during PUSCH subframe bundling
Alternative 1 is probability the simplest solution from the specification point of view. The following actions or configuration should be specified in the specifications;

· The UE shall consider aperiodic CQI/PMI, and RI triggering during PUSCH data subframe bundling an erroneous case, the eNB is not to trigger aperiodic CQI/PMI, and RI when UE is configured to be in PUSCH subframe bundling mode.
· PUCCH CQI/PMI and Rank Indicator multiplexing in PUSCH forbidden, the UE shall drop the PUCCH CQI/PMI and PUCCH Rank Indicator when subframe bundled data is being transmitted in that subframe.

· ACK/NACK information multiplexing in PUSCH forbidden, the UE shall drop the ACK/NACK when subframe bundled data is being transmitted in that subframe.

UE transmitting in subframe bundling mode are usually power limited UEs where data transmission simply do not have enough energy using 1ms subframe to be transmitted to eNB. If it’s so that data could be reliably transmitted given enough RBs then that UE would not be configured transmit data in subframe bundling mode. If this is the case then transmission aperiodic CQI/PMI, and RI in PUSCH do not much sense. This is because control information such as Rank Indicator possibly has tighter target quality requirement than data, and we do not current have any HARQ combining mechanisms for control information. The same logic falls for PUCCH CQI/PMI, PUCCH Rank Indicator, and uplink ACK/NACK information. When the UE is transmitting PUSCH data in subframe bundling mode, we assume the UE does not have enough power or resources to squeeze in additional control information in the PUSCH, thus drop all control information fields and do not allow any multiplexing of control information during subframe bundling.
2.2. Alternative 2 – No multiplexing of CQI/PMI, and RI during PUSCH subframe bundling, and allow multiplexing of ACK/NACK
Alternative 2 is similar to alternative 1 except we only allow multiplexing of ACK/NACK information during PUSCH subframe bundling. CQI/PMI and Rank Indicator information in coverage/power limited UEs may not so critical, on the other hand dropping uplink ACK/NACK information may result in downlink data retransmissions and transport block transmission delay in downlink. So it may be beneficial to allow ACK/NACK multiplexing during PUSCH subframe bundling transmissions. To avoid necessary complication in the control information rate matching formula in case of control information multiplexing in PUSCH, we configure the ACK/NACK to span the entire SC-FDMA symbol, regardless of data MCS. This would mean the ACK/NACK information would puncture out 4 SC-FDMA symbols in the PUSCH subframe bundling transmission. So for alternative 2 the following actions or configuration should be specified in the specifications;
· The UE shall consider aperiodic CQI/PMI, and RI triggering during PUSCH subframe bundling an erroneous case, the eNB is not to trigger aperiodic CQI/PMI, and RI when UE is configured to be in PUSCH subframe bundling mode.

· PUCCH CQI/PMI and Rank Indicator multiplexing in PUSCH forbidden, the UE shall drop the PUCCH CQI/PMI and PUCCH Rank Indicator when subframe bundled data is being transmitted in that subframe.

· ACK/NACK information multiplexing is allows in PUSCH, when ACK/NACK information is transmitted it will span the entire SC-FDMA symbol near the RS, puncturing out 4 SC-FDMA symbols.
2.3. 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.
Alternative 3 is to allow control information multiplexing in PUSCH during subframe bundled transmissions. 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 except 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.
For alternative 3 the following actions or configuration should be specified in the specifications;

· PUCCH CQI/PMI and Rank Indicator multiplexing in PUSCH forbidden, the UE shall drop the PUCCH CQI/PMI and PUCCH Rank Indicator when subframe bundled data is being transmitted in that subframe.

· ACK/NACK information multiplexing is allows in PUSCH, when ACK/NACK information is transmitted it will span the entire SC-FDMA symbol near the RS, puncturing out 4 SC-FDMA symbols.

· Aperiodic CQI/PMI, and RI is also repeated during PUSCH subframe bundling. 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 repeated during bundled subframe PUSCH transmissions.
· No data, CQI-only aperiodic CQI/PMI and RI shall also be repeated during N PUSCH bundled subframes.
3.1. Conclusion

In conclusion we propose choose between alternative 1, 2, or 3 to finalize the specifications for control information multiplexing in PUSCH.
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