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1. Introduction
. The number of HARQ-ACK will increase dramatically with the increased number of configured CCs. In RAN1meeting, it was observed that enhancements on UCI transmission on PUSCH need to be considered:

· Enhancements on UCI transmission on PUSCH

· Details FFS including but not limited to       

· Supported payload size[s]

· Channel coding and resource element mapping

In this contribution, the enhancements to support UCI transmission on PUSCH for up to 32 DL component carriers were discussed. 
2. Discussion
Current specification allows that 4 SC-FDMA symbols on PUSCH can be used to transmit HARQ-ACK feedback and another 4 SC-FDMA symbols on PUSCH can be used to transmit RI.  Figure 1 shows the current UCI transmission on PUSCH. This is applicable to the scenarios of single carrier and later 5-carrier CA.  Under those scenarios, the number of modulation symbols within the allowed SC-FDMA symbols is sufficient to transmit UCIs, even for minimum UL PRB allocation.
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Figure 1 UCI transmission on PUSCH

For the eCA, the HARQ-ACK and other UCI bits will be increased to support large number of CCs. There were several agreements or working assumptions about the maximum HARQ-ACK codebook size:

· The maximum HARQ-ACK codebook size in the uplink by one UE in one subframe for DL CA of up to 32 CCs is at least 128 bits
· In case of FDD PUCCH cell, the maximum HARQ-ACK codebook size is 64 bits.
· In the case of TDD PUCCH cell, the maximum number of HARQ-ACK bits in UL by one UE in one subframe for DL CA of up to 32CCs is selected from

· 128, 256, 319, 638

If the maximum number of HARQ-ACK is 128 and the transmission symbols on PUSCH are limited to 4, the performance of HARQ-ACK cannot be guaranteed. This problem also exists for RI transmission on PUSCH for CA up to 32 CCs.  If larger maximum HARQ-ACK codebook size is finally determined, such issue may become more serious.
With existing mapping rules, eNodeB should intentionally schedule the designate number of PRBs to transmit sufficient number of coded modulation symbols for each UCI. For 64 bits HARQ-ACK as example, the coded bits should be 144 bits for 1/2 coding rate and 8bits CRC. This requires 72 coded modulation symbols, and thus 2 PRBs have to be granted. For even lower coding rate, the number of granted PRBs goes up proportionally.  However, large number of HARQ-ACK in UL does not necessarily mean large UL data. It could result much inefficient PUSCH scheduling. 

This overbooking of PRBs may results more problem for certain PUSCH. It cannot use none-adaptive retransmission, if the initial transmission did not assign sufficient number of PRB. Then, another UL grant has to be used. For SPS PUSCH, it has to allocate too much PRBs in the semi-persistent scheduling.  

Proposal 1: RAN1 should evaluate the impact on PUSCH scheduling by large number of UCI bits. UCI multiplexing scheme can be modified if scheduling efficiency is an issue.
To expand the UCI SC-OFDM symbol is a direct method to resolve this problem. The number of SC-FDMA symbol for HARQ-ACK can be increased to 8. An alternative could be reserve PRBs to transmit HARQ-ACK, within allocated PUSCH. The mapping and interleaving in specification should to be adjusted accordingly. 

The HARQ-ACK may contain large number of bits. If the puncturing scheme is kept for HARQ-ACK multiplexing on PUSCH, the data BLER could be far from the intended target. It would be better to use rate matching scheme instead of puncturing for HARQ-ACK over PUSCH. The Beta offset of HARQ-ACK/RI, RE number and information bits number determine the target BER/BLER, which is higher than data. With the introduction of more UCI bits, existing beta offset may not match resource allocation dynamically. In RAN1#82bis meeting, some enhancements were made on configuration of HARQ-ACK beta offset.
· One beta offset (i.e. the existing RRC parameter) is applied when up to x HARQ-ACK bits are transmitted on PUSCH in a subframe  

· The other beta offset (i.e. a new RRC parameter) is applied when more than x HARQ-ACK bits are transmitted on PUSCH in a subframe 

· x = 22 if it is decided that there is no CRC for up to 22 HARQ-ACK bits, and x is FFS if it is decided to include a CRC

· Values of the new beta offset parameter FFS. 
The bit number of HARQ-ACK is far more than 22 in TDD. Only two beta offsets may not be enough to solve the problem. Therefore, another offset which was used to directly adjust the number of REs for HARQ-ACK/RI transmission should be introduced.  
HARQ-ACK bundling can also reduce the HARQ-ACK bits. However, it will impact the DL throughput. We can consider dynamically enabling bundling mode.

It is now supported to transmit multiple PUSCHs. Redistribute those UCIs in to PUSCHs in on subframe is another solution.  

Proposal 2: Enhancement mechanism should be considered to support larger number of UCI bits in PUSCH:

· Rate matching scheme for HARQ-ACK over PUSCH.

· Another offset

· HARQ-ACK bundling

· UCI over multiple PUSCHs
RAN1 is already agreed that HARQ-ACK codebook size is dynamically determined. Mechanism is introduced to ensure same understanding between eNB and UE regarding the HARQ-ACK codebook. This also includes HARQ-ACK order and size. In RAN1#82bis meeting counter DAI was agreed to introduce. If HARQ-ACK is transmitted over PUSCH, dynamical HARQ-ACK codebook size can be used to achieve HARQ-ACK bit sequence and calculate the number of coded modulation symbols for HARQ-ACK.  Therefore, UL DAI can be redefined for PUSCH with UL grant. UL DAI can be used to dynamic indicate another offset which discussed above, HARQ-ACK bundling mode etc.
Proposal 3: If HARQ-ACK is transmitted over PUSCH, dynamical ARQ-ACK codebook size can be used for determining number of HARQ-ACK symbols. UL DAI can be redefined
3. Conclusion
In this contribution, we discuss the possible enhancement for UCI multiplexing on PUSCH. Considering the efficient UCI mapping scheme on PUSCH to support large number of HARQ-ACK, we propose:

Proposal 1: RAN1 should evaluate the impact on PUSCH scheduling by large number of UCI bits. UCI multiplexing scheme can be modified if scheduling efficiency is an issue.

Proposal 2: Enhancement mechanism should be considered to support larger number of UCI bits in PUSCH:

· Rate matching scheme for HARQ-ACK over PUSCH.

· Another offset

· HARQ bundling

· UCI over multiple PUSCH

Proposal 3: If HARQ-ACK is transmitted over PUSCH, dynamical ARQ-ACK codebook size can be used for determining number of HARQ-ACK symbols. UL DAI can be redefined
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