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1 Introduction
In the last RAN1 NR Ad-hoc meeting, the following was agreed regarding long duration PUCCH in NR:

· For PUCCH in long-duration,

· Long UL-part of a slot can be used for transmission of PUCCH in long-duration.

· i.e., PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbols greater than X (X >= 2).

· FFS exact value of X
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.

· Intra-slot frequency-hopping is supported

In this contribution, we discuss further details on the two approach to simultaneously transmit long UCI and PUSCH in the same slots, which are simultaneous PUCCH/PUSCH transmission and embedding UCI onto PUSCH. 
	
	
	
	
	
	


2 Simultaneous PUCCH and PUSCH
In cases that the UE transmits a UCI in a slot without accompanying PUSCH, the UCI can be transmitted on a PUCCH with long duration. As per a RAN1 agreement, resource used for the long PUCCH transmission can be indicated to the UE via a combination of dynamic and high layer signaling. As in LTE, multiple candidate resources for the PUCCH transmission can be pre-configured via high layer signaling and a DL DCI can dynamically indicate to the scheduled UE on which candidate resource the long PUCCH has to be transmitted on. In LTE, this way of PUCCH resource selection and transmission applies when the UE transmits PUSCH and PUCCH simultaneously instead of embedding UCI onto PUSCH. 
However, when this simultaneous transmission of PUSCH and PUCCH occurs in a slot, the transmission of the two physical channels distant in frequency is liable to incur intermodulation distortion (IMD). It also exacerbates the MPR (Maximum Power Reduction) issue and causes reduction of more transmission power in order to meet the spectrum emission mask in accordance to the MPR requirement [2] [3]. The IMD interference terms become more serious with an increase in the PUCCH transmission power. The IMD problem makes the simultaneous/separate transmission of PUCCH and PUSCH less feasible to apply in real deployment scenarios than embedding UCI on PUSCH. It can offset the benefits of simple receiver processing, robustness against error cases, no impact on PUSCH performance, etc.
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Figure 1. Simultaneous transmission of PUCCH and PUSCH with low IMD mapping.
In order to avoid or alleviate the IMD problem and the MPR, placing the long PUCCH adjacent to PUCCH in frequency can be considered as in Figure 1. As the PUCCH and PUSCH are adjacent to each other and thus the carrier frequency difference between the two channels becomes small, the out-of-band interference due to IM3 and IM5 components decreases. This allows for the UE to transmit with less power reduction than cases of non-adjacent transmissions. 

In cases of this simultaneous transmission of PUSCH and PUCCH, it can also be considered that the UE transmits the long PUCCH on one of the pre-configured resources without being adjacent to PUSCH as in the cases of PUCCH only transmission. In scenarios where the IMD and MPR are not deemed so severe, the gNB scheduler may prefer to have more flexibility in deciding the resource for long PUCCH transmission and apply the same rule between the cases of the simultaneous transmission and the PUCCH only transmission. On the other hand, to fix in a RAN1 spec to apply the adjacent transmission only can reduce the implementation complexity and spec development efforts by having a single option.
Proposal 1: Simultaneous transmission of long PUCCH and PUSCH
· Adjacent transmission of long PUCCH and PUSCH in frequency is supported.
Proposal 2: Configuration of the adjacent transmission
· A semi-static configuration is defined to indicate whether to apply the PUSCH/PUCCH adjacent transmission or the PUCCH transmission on a pre-configured resource, for cases of simultaneous PUCCH and PUSCH transmission.
· Alternatively, the adjacent transmission can be fixed in a RAN1 spec for the case.
3 UCI on PUSCH
When UL HARQ-ACK is piggybacked onto UL shared channel in LTE, HARQ-ACK information is rate matched in accordance to a rate matching parameter configured by high layer signaling, and the encoded HARQ-ACK symbols are placed on SC-FDMA symbols neighboring DMRS [4][5]. A similar mechanism can be applied to the UCI embedding in NR as well. Rate matching parameter for each of the UCI types can be configured by the network considering target performance requirement for the corresponding UCI type.  For the configured values of the respective rate matching parameters, the number of repetitions of the embedded UCI symbols varies depending on the modulation and coding (MCS) applied to the UL data, as transmit power of the PUCCH is affected by the scheduled MCS. 

For NR UL HARQ-ACK, the encoded HARQ-ACK symbols can be mapped starting from the first OFDM symbol of PUSCH in frequency first manner. This can provide robust channel estimation performance in case of front loaded DMRS structure for PUSCH and allows for the gNB to have more time to process the HARQ-ACK feedback and generate a DL grant for a next HARQ transmission. It is noted that total power used for HARQ-ACK symbols is the same between the frequency first and time first mapping, because the total power is decided by the number of HARQ-ACK symbols embedded onto PUSCH. As the HARQ-ACK symbols are mapped from the beginning of UL shared channel, the gNB DL scheduler should take into account the latency from the DL data reception to the UL HARQ-ACK feedback and provide sufficient time to the UE in accordance to the UE’s capability, especially compared to sending the HARQ-ACK on short PUCCH. In cases that the DMRS is located on other positions, the location of embedded HARQ-ACK symbols can be designed accordingly to provide robust performance.
As to the signaling for cases of simultaneous transmission of UCI and UL data from a UE, high layer signaling seems sufficient to indicate the UEs to semi-statically configure between the two modes, to embed UCI onto PUSCH or to send PUSCH and PUCCH separately and simultaneously. Whenever the UE needs to transmit both UCI and UL data in a slot, the UE applies the configured transmission mode.
Proposal 3: UCI on PUSCH
· Transmission of UCI on PUSCH takes LTE as a baseline, e.g., mapping of UCI onto PUSCH resource, UCI rate matching configuration and processing, etc.
· Rate matching (repetition) factor can be separately configured for each UCI type.

Proposal 4: Configuration of simultaneous transmission of UCI and UL data
· Whether to embed UCI onto PUSCH or to transmit PUSCH and PUCCH separately is configured via high layer signaling.
4 Conclusion 

This contribution has discussed further details of transmitting long UCI and UL data simultaneously in a slot. Based on the discussions, we propose the followings regarding the two simultaneous transmission modes, simultaneous PUCCH/PUSCH transmission and embedding UCI onto PUSCH. 

Proposal 1: Simultaneous transmission of long PUCCH and PUSCH
· Adjacent transmission of long PUCCH and PUSCH in frequency is supported.
Proposal 2: Configuration of the adjacent transmission
· A semi-static configuration is defined to indicate whether to apply the PUSCH/PUCCH adjacent transmission or the PUCCH transmission on a pre-configured resource, for cases of simultaneous PUCCH and PUSCH transmission.
· Alternatively, the adjacent transmission can be fixed in a RAN1 spec for the case.
Proposal 3: UCI on PUSCH
· Transmission of UCI on PUSCH takes LTE as a baseline, e.g., mapping of UCI onto PUSCH resource, UCI rate matching configuration and processing, etc.

· Rate matching (repetition) factor can be separately configured for each UCI type.

Proposal 4: Configuration of simultaneous transmission of UCI and UL data
· Whether to embed UCI onto PUSCH or to transmit PUSCH and PUCCH separately is configured via high layer signaling.
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