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1 Introduction

In RAN1#60bis it was decided that, in case of UL CA, UCI cannot be carried on more than one PUSCH in a given sub-frame. How the UE determined which PUSCH should carry the UCI is FFS.

It is clear from the above decision that a UCI type cannot be transmitted in more than one PUSCH in a given sub-frames. However, this does not preclude the transmission of a first UCI type in the PUCCH and of a second UCI type in one PUSCH in a given sub-frame (simultaneous PUSCH and PUCCH transmissions). Also, it should be clarified whether all UCI types are transmitted in the same PUSCH or whether it is possible to transmit a first UCI type in a first PUSCH and a second UCI type in a second PUSCH (this contribution assumes that the former is the case). 

Another aspect that is unclear from the above decision is whether it applies to the case of aperiodic CQI transmissions in the PUSCH based on the “CQI Request” IE used in Rel-8. It seems reasonable that the aperiodic CQI should be transmitted in the PUSCH of the cell for which it is intended for. This does not preclude the case of a PUSCH conveying aperiodic CQI for multiple cells for asymmetric configurations where a UE is not configured UL in one or more Scells.
Under the above assumptions, this contribution considers the determination by the UE of the PUSCH in which it multiplexes a UCI transmission. For the remaining discussions, it is assumed that the eNodeB schedules multiple PUSCH transmissions from a UE in the same sub-frame (otherwise, the Rel-8 mechanisms are simply followed).
2 PUSCH Selection for UCI Multiplexing

If the “CQI Request” IE is set in one PUSCH transmission, then by default this PUSCH carries the UCI. If there is no “CQI Request” or multiple “CQI Requests” are set for respective PUSCHs, then there are two fundamental design options for a UE to make a particular choice in its communication with the eNodeB:
a) Indicated by the eNodeB (explicitly or implicitly)

b) Determined by a rule

Indication by the eNodeB

Relying on indication by the eNodeB of the PUSCH to carry the UCI has the following disadvantages:

a) Increasing overhead or imposing some scheduling restrictions (for explicit or implicit indication, respectively).
b) Error cases where the UE misses the DCI format that schedules the PUSCH selected by the eNodeB to carry the UCI.

For explicit indication, a new 1-bit “UCI Inclusion” IE needs to be included in the DCI formats scheduling PUSCH transmissions. The 1-bit represents new overhead that exists for explicit indication regardless if there is UCI transmission to be included in the PUSCH. Moreover, this may lead to proliferation of DCI formats if this “UCI Inclusion” IE is only included in conjunction with the configuration of UL CA to a UE. For implicit indication, a code-point needs to be reserved in the DCI formats scheduling PUSCH transmissions. 
As UEs with UL CA (and DL CA) typically have good DL SINR, the 1-bit “UCI Inclusion” IE in the DCI formats scheduling PUSCH transmissions is not a major concern. Also, another use can be found for the 1-bit “UCI Inclusion” IE in case a UE is not configured DL CA. Moreover, for implicit indication, several possibilities exist for reserving a code-point without meaningful scheduling restrictions. Therefore, the first of the above disadvantages is not a significant one.
The second disadvantage is more serious as in case the UE misses the DCI format scheduling the PUSCH transmission the eNodeB has selected for UCI inclusion, an implicit fall-back operation by the UE would be also needed. Therefore, the second option where the PUSCH selection for UCI inclusion is based on some rule seems unavoidable. Nevertheless, it is noted that for the maximum of 2 cells in Rel-10, the PUSCH selection for UCI inclusion can be based entirely on the indication by the eNodeB as, even in the case that one of the two DCI formats scheduling PUSCH transmissions is missed by the UE, the UE behavior is deterministic without additional rules. 
Determination Based on a Rule
a) Selection of the PUSCH transmission in the Pcell

As a UE transmits the PUCCH in its Pcell, the selection of the PUSCH transmission in the Pcell for UCI inclusion would seem to be the direct extension. However, PUSCH transmission in the Pcell may not always exist. In that case, another rule would again be needed for selecting among the remaining PUSCH transmissions for the UCI inclusion. Moreover, even if a PUSCH transmission in the Pcell exists, it may not provide the best choice for the UCI inclusion. For example, the PUSCH transmission in the Pcell may be a non-adaptive retransmission and the eNodeB scheduler may not have anticipated UCI inclusion when it performed the selection for the parameters of the initial transmission. Unlike Rel-8, this may become a problem with CA because of the higher UCI payloads that will need to be occasionally supported in the PUSCH. 
b) Selection of the PUSCH Transmission Minimizing Absolute UCI Overhead
For SIMO and a UE having 
[image: image1.wmf]K

 PUSCH transmissions in a given sub-frame, the UE selects the PUSCH 
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 HARQ-ACK or RI bits, the PUSCH for UCI transmission is determined as
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where, for PUSCH 
[image: image6.wmf]k

, 
[image: image7.wmf])

(

PUSCH

sc

k

M

 and 
[image: image8.wmf])

(

k

M

initial

PUSCH

sc

-

 are, respectively, the number of PUSCH REs in the current and initial sub-frame for the transport block (TB), and 
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 is the number of symbols per sub-frame for the initial PUSCH transmission for the same TB given by 
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 is equal to 1 if UE is configured to send PUSCH and SRS in the same sub-frame for initial transmission or if the PUSCH resource allocation for initial transmission even partially overlaps with the cell-specific SRS sub-frame and BW configuration. Otherwise 
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 is the number of code-blocks and 
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 and are obtained from the initial PDCCH for the same TB [1].
The same principle can be extended for SU-MIMO operation (the formula for UCI resources is currently FFS – e.g. [2]). 

The error case occurring when the UE misses the DCI format scheduling a PUSCH transmission that would otherwise have been selected by the UE for UCI transmission is not a significant issue as the eNodeB can realize this based on PUSCH DTX detection. Assuming PUSCH DTX detection probability of 1e-2 and PDCCH miss probability of 1e-2, the probability of the overall error event is 1e-4. Then, the eNodeB knows which PUSCH the UE selected for UCI inclusion. The probability that the UE misses several PDCCH making assignments for PUSCH transmissions and the eNodeB fails to detects this is much smaller than 1e-4. Moreover, in case the UCI resources are minimized for multiple PUSCH transmissions and one of them is in the Pcell, the PUSCH transmission in the Pcell can be selected. Otherwise, the PUSCH transmission in the Scell with the smaller index can be selected or some other predetermined rule may apply.
c) Selection of the PUSCH Transmission Minimizing Relative UCI Overhead

As the UCI transmission in the PUSCH represents overhead, another rule for the PUSCH selection for the UCI inclusion is the relative amount of data REs that needs to be replaced by UCI REs. If the UE has 
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 PUSCH transmissions in a given sub-frame, the UE can select for UCI inclusion the PUSCH minimizing the utility ratio 
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Therefore, the UE selects for UCI transmission the PUSCH 
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 determined as 
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The benefit of the above approach is that the penalty, due to the UCI inclusion, on PUSCH transmissions (especially on non-adaptive retransmissions) is minimized. For example, for the same target BLER per PUSCH transmission, if a UE has a first PUSCH transmission over 20 RBs with data modulation of QAM16 and code rate of 1/2 and a second PUSCH transmission over 5 RBs with data modulation of QAM16 and code rate of 5/8, the selection of the first PUSCH transmission will lead to less relative number of REs for UCI multiplexing although the selection of the second PUSCH transmission (highest MCS) minimizes the absolute number of REs required for UCI multiplexing. 
The above may be further conditioned on the required UCI resources being available (for example, on not reaching the maximum number of REs around the DM RS symbols for the HARQ-ACK transmission). However, when a UE has multiple PUSCH transmission it is not expected to be coverage limited and such an event is not expected to occur. Another condition may be to avoid non-adaptive PUSCH retransmissions. However, this is also not expected to have any practical impact and unnecessary conditions to the selection rule should be avoided.
Discussion
Based on the previous analysis, the determination of the PUSCH transmission for the UCI inclusion should be based on a rule rather than being indicated by the eNodeB, primarily in order to address the case of PDCCH misses by the UE. Selecting the PUSCH transmission with the highest MCS provides robust system operation and a simple rule for the UE that minimizes the absolute UCI overhead in the PUSCH. Selecting the PUSCH transmission minimizing the relative PUSCH overhead over all PUSCH transmissions also provides robust system operation and a simple rule for the UE. As UL CA is expected for UEs with relatively good SINR and not very small RB allocations, these two options will be similar (with the possible exception of very high CSI payloads). 
3 Conclusions

This contribution considered the selection of the PUSCH conveying UCI in a sub-frame in case of no “CQI Request” or in case of multiple “CQI Requests” (for a single “CQI request”, UCI is by default in the respective PUSCH) and proposes the following:

a) The UE selects for UCI inclusion the PUSCH minimizing the absolute or the relative UCI overhead.

b) It is FFS whether:

a. eNodeB indication of the selected PUSCH should be also supported (the determination by a rule can then be complementary in case the UE misses the respective PDCCH).
b. The PUSCH transmission in the Pcell, if any, should be prioritized. 
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