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1
Introduction

This contribution deals with UCI details for simultaneous PUCCH and PUSCH transmission. The following details were agreed in RAN1 #62 for the case when simultaneous PUCCH and PUSCH is configured and there is at least one PUSCH transmission:

· ACK alone (possibly multiple bits)

·     ACK is transmitted on PUCCH, and data on PUSCH (no UCI)

· Periodic CQI/PMI/RI alone

·   Periodic CQI/PMI/RI is transmitted on PUCCH and data on PUSCH (no UCI)

The remaining question is that how to transmit UCI in the case when simultaneous PUCCH and PUSCH transmission is configured and there is at least one PUSCH transmission + A/N (possibly multiple bits) + Periodic CQI/PMI/RI. This multiplexing combination is denoted as Config #26 in [3]. The main alternatives based on previous e-mail discussion are listed below:
· Alt 2: Same as case with no PUSCH

· Alt 3: Periodic CQI/PMI/RI on PUSCH and ACK on PUCCH

· Alt 4: All UCI on PUSCH

· Alt 5: Periodic CQI/PMI/RI on one of PUCCH/PUSCH (configured by RRC) and ACK on the other

· Alt 6: UCI transmission on PUCCH is the same as in the case of PUCCH only. The CSI dropped from PUCCH (if any) is piggybacked on PUSCH

· Alt 7:  No UL CA -or- DL CA with single UL carrier: Piggyback UCI on PUSCH (same as rel-8); UL CA: A/N on PUCCH, Drop CSI.

· Alt 8: (to be supported as a special case in addition to one of the other Alternatives): if the UE has 2 A/N bits to transmit and if “Simultaneous-AN-and-CQI = True” --> use PUCCH format 2a/2b
This paper discusses the properties of preferred design criteria as well as pros and cons of different alternatives. It is noted that this topic has very high commonality with the concurrent transmission of CSI and carrier aggregation A/N in Rel-10. We discuss this issue in a separate contribution [2].
2.
Preferred design criteria
We discuss the most important design criteria for concurrent transmission of PUCCH and PUSCH in this section.
Use case for concurrent transmission of PUCCH and PUSCH:
It should be kept in mind that HetNet scenario was one of the most important drivers behind simultaneous transmission of PUCCH and PUSCH [1]:

· Allow a completely decoupled operating point of control and data in terms of operating IoT, hence improving the reliability of control information in systems with time and frequency varying interference

· Enable the transmission of control information to cells other than the serving cell in support of e.g. CoMP operation and enhanced mobility procedures.

It is clear that concurrent transmission of PUCCH and PUSCH should be able to keep the most critical UL control information (i.e., both A/N and periodic CQI/PMI/RI) always out from the PUSCH resources. In that sense, Alt 2 is clearly the most preferred choice.
Need for UCI dropping:

There are separate multiplexing options defined for A/N+CQI (CSI/PMI/RI) and A/N+CQI+PUSCH in Rel-8. Therefore, we think that the same functionality should be supported also in Rel-10 including carrier aggregation and both control signaling approaches.
Design of PUCCH+PUSCH should target for less UCI dropping in general. Otherwise, it is not interesting control signaling option at all compared to TDM type multiplexing. On the other hand, proper configurability and maximal reuse of existing signaling should be supported as well. Hence, an option with dropping CSI when colliding with (multi-)A/N should be supported similarly as in Rel-8.

Detection ambiguity:
It has been pointed out in e-mail discussions that the UCI transmitted on PUCCH should be exactly the same as in the case of PUCCH only. The reason behind this argument, besides the goal of minimizing the standardization and testing efforts, is to avoid additional error cases and increased detection complexity at the eNB side. It is clear that if the PUCCH format is not exactly the same as in the case of PUCCH only failure of UL/DL resource allocation grant will cause ambiguity for UCI detection and PUSCH decoding.  It can be noted that Alt 3- Alt 7 suffer from these problems whereas in Alt 2 there is no such ambiguity when the UE is configured to simultaneous PUCCH+PUSCH transmission.
Based on this discussion we propose that Alt 2 is selected as a way to transmit UCI when simultaneous PUCCH and PUSCH transmission is configured and there is at least one PUSCH transmission +  ACK (possibly multiple bits) + Periodic CQI/PMI/RI. 

3.
Multiplexing proposal
In this section we discuss the multiplexing option in more details. The sub-alternatives under Alt 2 (Same as case with no PUSCH) based on previous e-mail discussion are listed below:
· Alt 2a  - drop all CSI

· Alt 2b - drop some CSI

· If Simultaneous-AN-and-CQI = True

In case of CA, drop all CSI

In case of no CA, use PUCCH format 2a/2b

· If Simultaneous-AN-and-CQI = False

Drop all CSI

· Alt 2c - drop some CSI

· Multiplexing CSI with ACK/NAK based on the type of the CSI feedback using Rel-8 priority rules (e.g., RI > Wideband CQI > sub-band CQI), and the PUCCH capacity (e.g., for Format 3, up to 21 bits)

· Alt 2d - drop some CSI

· If Simultaneous-AN-and-CQI = True

In both cases of CA or no CA, use PUCCH format 2/2a/2b

· If Simultaneous-AN-and-CQI = False

Drop all CSI 

· Alt 2e - drop some CSI

· If Simultaneous-AN-and-CQI = True

dropping some CQI, such as 3-bit spatial differential CQI. A/N spatially bundling can also be considered.

-  PUCCH Format 2/2a/2b is used in case of Format 1b with channel selection for ACK/NACK

-  PUCCH Format 3 is used in case of Format 3 for ACK/NACK

· If Simultaneous-AN-and-CQI = False

Drop all CSI

As discussed in the previous section the UCI transmitted on PUCCH should be exactly the same as in the case of PUCCH only. This choice allows applying the same multiplexing solution to all PUCCH scenarios, i.e., not only the case when the UE has been configured to simultaneous transmission of PUCCH+PUSCH but also the case hen the UE is configured to TDM multiplexing between UCI and at least one PUSCH. 

Next we will discuss pros and cons related to Alt 2a – 2e in more details:

Alt 2a:

· We think that this is not an acceptable as such due to excessive CSI dropping. It has been pointed out in many contributions that the dropping rate for CSI becomes considerable in the case of carrier aggregation.
Alt 2b:

· The weak point of this proposal is that concurrent transmission of multi-A/N and CQI/PMI/RI is not supported in the case of carrier aggregation. Otherwise this is an acceptable solution.
Alt 2c:

· It has already been agreed that in the case when multiple CC-specific CSI reporting configurations collide, only the report with the highest priority is sent. However, in order to minimize the number of options CSI prioritization and CSI+A/N multiplexing should be kept as separate issues. We also think that option with dropping CSI should be supported as well (similarly as in Rel-8). 
Alt 2d:

· This is an improved option compared to Alt 2b in the sense that unnecessary CSI dropping related to CA can be avoided. It should be noted that in the CA-case Format 2b can be based on spatial bundling per component carrier and separate feedback bits for PCell and SCell, respectively. See more details in [2].
Alt 2e:

· It has already been agreed that when multiple CC-specific CSI reporting configurations collide, only the report with highest priority is sent.  However, in order to minimize the number of options CSI prioritization and CSI+A/N multiplexing should be kept as separate issues. 
Based on this discussion we propose that Alt 2d is selected as a way to transmit UCI when simultaneous PUCCH and PUSCH transmission is configured and there is at least one PUSCH transmission + ACK (possibly multiple bits) + Periodic CQI/PMI/RI. 
4.
Summary & Way Forward
In this contribution we have discussed remaining open issues related to simultaneous transmission of PUCCH and PUSCH. Based on the discussion we make the following proposals: 
Proposal 1:  Define a single UCI multiplexing solution applicable to all PUCCH cases
· PUCCH only (UEs configured to simultaneous PUCCH and PUSCH transmission)

· PUCCH  and  PUSCH (UEs configured to simultaneous PUCCH and PUSCH transmission)
· PUCCH only (UEs configured to TDM multiplexing btw UCI and PUSCH)

Proposal 2:  Support also higher layer configuration for CSI dropping in the case when transmitting ACK/NACK + CSI on PUCCH (similarly as in Rel-8)
Proposal 3:  Use PUCCH Format 2b to multiplex CSI and carrier aggregation A/N on PUCCH [2].
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