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1 Introduction

At the RAN1#88bis meeting, the following agreements were made regarding 1-symbol short PUCCH with more than 2 bit payload [1]:

· At least for 1 symbol short-PUCCH with more than 2 bits, the following is supported.

· RS and UCI are multiplexed in FDM manner in the OFDM symbol where RS and UCI are mapped on different subcarriers and coherent demodulation are supported.

· FFS: Details on RS

· FFS: whether to support option 6 (pre-DFT)

· FFS: for 1 and 2 bits

In addition, the following agreements were made with regard to long PUCCH:
· For long duration NR-PUCCH in a given slot, FFS the detailed NR PUCCH formats. Companies are encouraged to provide the corresponding details.

· Some examples as a starting point:

· For small UCI payload with 1 or 2 bit(s), LTE PUCCH 1a/1b especially in light of # of symbols available for NR-PUCCH
· FFS: Time domain OCC is applied over allocated multiple symbols.
· For large UCI payload with X bits, LTE PUCCH format 4, or PUSCH

· FFS on applicability of (virtual) frequency domain OCC

· FFS for the value of X

· FFS for medium UCI payload with less than X bits

· Scalability of NR-PUCCH for different number of symbols available for NR-PUCCH

· The set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}

· FFS whether or not it depends on the slot type, # of symbols per slot, etc.

In this contribution, we present our view on multiplexing of NR UL data channel with short and long UL control channels, respectively.  
2 Multiplexing of long UL data and short PUCCH 
As agreed in the RAN1#87 meeting [2], NR supports FDM of “short UCI” and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping. The motivation of multiplexing of UL control channel with short duration in a FDM manner within the same symbol duration is to further improve UL data rate. As illustrated in Figure 1, the remaining resource which is not allocated for UL control channel can be assigned for UL data channel. 
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Figure 1. UL data channel transmission in UL control region 
In the time domain, UL data channel can span until the end of a slot. To enable dynamic resource sharing between UL data and short control channel in the UL control region, the end position of UL data channel can be explicitly and dynamically signalled in a UL grant. In particular, in case when the signalled end position of UL data channel is greater than or equal to the UL control region, UL data channel can be transmitted in the resource allocated for short UL control channel.
In the frequency domain, to signal the resource for UL data channel transmission within the UL control region, several options can be considered as follows:
· Semi-static signalling: frequency resources in the UL control region which are reserved or not used for UL control channel or SRS can be semi-statically configured and used for UL data channel transmission. Further, UL data channel can rate-match around the frequency resources allocated for UL control channel or SRS transmission. 
· Dynamic indication: frequency resources used for UL data channel transmission within UL control region can be dynamically signaled in the DCI for UL grant. To achieve maximum spectrum efficiency, a reduced bitmap may be defined to indicate which PRB or RBG can be allocated for UL data channel transmission. 
It is evident that dynamic indication of resource for UL data channel within UL control region can provide better scheduling flexibility at the cost of increased signalling overhead in the DCI. On the contrary, allocating UL data resource within UL control region in a semi-static manner may be more desirable when frequency resource is reserved for UL control channel carrying periodic CSI report or SR. 
Based on the discussions above, for dynamic resource sharing of UL data and short PUCCH in frequency domain, UL data channel can be rate matched around either a UL control region which is configured by higher layers or resources actually used for the transmission of UL control channel. Further, minimum frequency domain scheduling granularity of UL data transmission should be based on PRB or RBG level. 
Proposal 1
· To enable dynamic resource sharing of UL data and control channel, end position of UL data transmission is explicitly and dynamically signalled in a UL grant. 

· For dynamic resource sharing between UL data and short control channel in frequency, UL data channel is rate matched around FFS between a UL control region which is configured by higher layers or resources actually used for the transmission of UL control channel.
3 Multiplexing of short UL data and short PUCCH
As agreed in the RAN1 NR Adhoc meeting [3], in the DL centric slot, short UCI and UL data can be multiplexed in a FDM manner by one UE if a data is scheduled on the short UL-part. Note that depending on resource allocation, short UL data and short control channel may be scheduled in contiguous or non-contiguous frequency resources. Figure 2 illustrates distributed transmission of UL data and control channel. In this case, IMD may be expected, which may not be desirable for power limited scenario as UE may need to perform power backoff for UL transmission. 
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Figure 2. Short UL control and data channel in non-contiguous resources
To alleviate the IMD issue, in case of simultaneous transmission of short UL control and data channel, gNB may indicate UE to transmit short UL control and data channel in contiguous resources. As shown in Figure 3 a), UCI may be transmitted on both edges of resource allocated for UL data transmission, which can help improve the robustness of UL control channel by exploiting the benefit of frequency diversity. 

Alternatively, as shown in Figure 3 b), UCI may be interleaved with UL data transmission. This may help improve the channel estimation performance for short UL control channel if DM-RS for UL data transmission can be reused for UL control channel transmission. Similar to LTE, HARQ-ACK feedback can be transmitted adjacent to DM-RS for better channel estimation quality. This is critical as HARQ-ACK feedback cannot rely on retransmission and robust performance is required. 
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Figure 3. Multiplexing schemes for short UL data and control channel
Proposal 2
· For UCI on short data, UCI can be allocated on the frequency edge of or interleaved with short data transmission.
4 Multiplexing of long UL data and long PUCCH

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 [5] [6]. 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 4. Simultaneous transmission of long PUCCH and PUSCH for low IMD.
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 4. 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 3
· Adjacent transmission of long PUCCH and PUSCH in frequency domain is supported.

Proposal 4
· A semi-static configuration is defined to indicate whether to apply the long PUCCH/PUSCH adjacent transmission or the PUCCH transmission on a pre-configured resource, in cases of simultaneous long PUCCH/PUSCH transmission.

5 Conclusions

In this contribution, we shared our view on multiplexing of UL data channel with short and long UL control channels for NR. Based on the discussion, we summarize our views through the following proposals:
Proposal 1
· To enable dynamic resource sharing of UL data and control channel, end position of UL data transmission is explicitly and dynamically signalled in a UL grant. 

· For dynamic resource sharing between UL data and short control channel in frequency, UL data channel is rate matched around FFS between a UL control region which is configured by higher layers or resources actually used for the transmission of UL control channel.

Proposal 2
· For UCI on short data, UCI can be allocated on the frequency edge of or interleaved with short data transmission.
Proposal 3
· Adjacent transmission of long PUCCH and PUSCH in frequency domain is supported.

Proposal 4
· A semi-static configuration is defined to indicate whether to apply the long PUCCH/PUSCH adjacent transmission or the PUCCH transmission on a pre-configured resource, in cases of simultaneous long PUCCH/PUSCH transmission.
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