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1 Introduction

At the RAN1#90 meeting, the following agreements were made with regard to UCI piggyback on PUSCH [1]:

· For frequency first mapping, UCI resource mapping principles (e.g., around RS) are common for PUSCH with DFT-s-OFDM waveform and CP-OFDM waveform

· At least for periodic CSI report configured by RRC and aperiodic CSI report triggered by UL grant, the UL data is rate-matched around the UCI
At the RAN1 AH#3 meeting, the following agreements were made regarding HARQ-ACK feedback on PUSCH [2]:

·  Confirm the working assumption:

· For slot-based scheduling, for HARQ-ACK with more than 2 bits, PUSCH is rate-matched.

· For slot-based scheduling, for HARQ-ACK with up to 2 bits, PUSCH is punctured.

Further, the following agreements were made on rate matching parameter for UCI on PUSCH [2]
· For UCI on PUSCH, support both dynamic and semi-static βoffset indication

· FFS the applicable case(s) for dynamic vs. semi-static indications

In addition, the following agreements were made on encoding of CSI parameters for PUSCH-based reporting [2]:
· For Type I: only single-slot reporting

· A CSI report is composed of up to 2 parts

· Part 1: RI/CRI, CQI for the 1st CW

· FFS: if only wideband CQI is used for the first part 

· Part 2: PMI, CQI for the 2nd CW (when RI>4)

· For Type II:

· CSI parameters of a Type II CSI report are not multiplexed across multiple PUSCH transmissions
· Use a two-part scheme with
· Part 1 contains RI, CQI and indication of the number of non-zero wideband amplitude coefficients per layer
· Fixed payload size used for part 1; part 2 contains remaining CSI
· Indication of the number of non-zero wideband amplitude coefficients per layer in part 1
In the contribution, we present our view on UCI embedding onto PUSCH and multiplexing of PUCCH and PUSCH for NR.  
2 Discussion on UCI multiplexing onto PUSCH 
2.1 HARQ-ACK on PUSCH
For HARQ-ACK feedback on PUSCH, it was agreed in the RAN1 AH#3 meeting that for slot-based scheduling, for HARQ-ACK with more than 2 bits, PUSCH is rate-matched, while for HARQ-ACK with up to 2 bits, PUSCH is punctured [2]. With regard to resource mapping for encoded HARQ-ACK symbols, two options can be considered for NR as listed below: 
· Option 1: the encoded HARQ-ACK symbols can be mapped in a frequency first manner, starting from the first symbol after DM-RS. With front-loaded DM-RS structure, this frequency first mapping can provide more robust channel estimation performance and meanwhile allow more time for gNB to process HARQ-ACK feedback and generate PDCCH with DL assignment and PDSCH with new transmission or retransmission. Further, when CP-OFDM waveform is employed for PUSCH transmission, HARQ-ACK feedback can be mapped in a distributed fashion within the allocated resource so as to exploit the benefit of frequency diversity. 
· Option 2: the encoded HARQ-ACK symbols can be mapped in a time first manner. This can be beneficial in terms of coverage enhancement, especially when considering the scenario for UCI only on PUSCH. In case of narrow-band resource allocation, HARQ-ACK feedback spanning multiple symbols can help to improve the link budget. 
Figure 1 illustrates the time-first and frequency-first mappings for HARQ-ACK feedback on PUSCH. In our view, depending on specific application/service, deployment scenario and UE coverage status, it may be highly desirable to semi-statically configure whether time-first or frequency-first mapping would be employed for HARQ-ACK feedback on PUSCH resource. In addition, the number of symbols used for the transmission of HARQ-ACK symbols on PUSCH may be derived from the rate-matching parameters or configured by higher layers, which can help in achieving an appropriate balance between the coverage improvement and gNB processing time relaxation. 
Regardless of whether time-first or frequency-first resource mapping is employed, HARQ-ACK feedback can be mapped in a distributed manner so as to exploit the benefits of frequency diversity. This is more beneficial for relatively small HARQ-ACK payload size and when large amount of resource is allocated for data transmission. In this case, spreading a few HARQ-ACK symbols among the allocated resources can help to improve the HARQ-ACK detection performance. 
Note that in case when HARQ-ACK symbols are mapped in a frequency-first manner from the beginning of PUSCH, gNB DL scheduler should take into account the latency from the DL data reception to the UL HARQ-ACK feedback and provide sufficient time for the UE in accordance to the UE’s capability. In case of non-slot based scheduling, depending on UE capability on processing time or HARQ-ACK feedback time as indicated in the DCI, HARQ-ACK on PUSCH may not be transmitted immediately after the DM-RS. In this case, HARQ-ACK feedback on PUSCH can be delayed in relative to DM-RS, where the gap can be determined according to the HARQ-ACK feedback time indicated in the DCI. 
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Figure 1. Time-first and frequency-first mapping for HARQ-ACK feedback on PUSCH
Proposal 1
· HARQ-ACK is mapped in a distributed manner.
· HARQ-ACK is transmitted starting from the first symbol after DM-RS. 

· HARQ-ACK feedback can be delayed in relative to DM-RS symbol in case of non-slot based scheduling. 
· Whether to employ time-first or frequency-first mapping for HARQ-ACK on PUSCH can be configured by higher layers. 

2.2 CSI report on PUSCH

As agreed in the RAN1 AH#3 meeting, a CSI report is composed 2 CSI parts for UCI on PUSCH for both Type I and Type II CSI report [2]. Given that the payload size of the first CSI part can be determined according to the configuration, the payload size and thus the allocated resource for the second CSI part can be derived from the first CSI part. 
To minimize the specification and implementation effort, it may be desirable to define a same resource mapping scheme for CSI report as PUSCH. For instance, CSI report may be mapped in a frequency first manner if frequency first mapping is employed for the transmission of PUSCH. As mentioned above, as the allocated resource for the second CSI part depends on the content of the first CSI part, if UL data is mapped after the second CSI part, the starting position of UL data can vary which depends on the allocated resource for the second CSI part. This may not be desirable due to the fact that gNB may need to perform multiple blind decoding on the UL data. 
To address this issue, UL data may be mapped after the first CSI part, and the second CSI part can be mapped after the UL data on PUSCH. In this design, the starting position of UL data can be predetermined according to the rate matching factor and payload size of the first CSI part, which can help to simplify the receiver implementation in term of blind decoding at least for the first part of UL data. Figure 2 illustrates the resource mapping scheme for UL data and CSI report in case of frequency first mapping. 
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Figure 2. Resource mapping of UL data and CSI report
Further, additional resources may be configured for the transmission of CSI report on PUSCH, which may help in exploiting the benefit of both time and frequency diversity. In case when additional DM-RS symbol is configured for PUSCH, the additional resource may start from the first symbol after the additional DM-RS symbol. In this case, better channel estimation performance can be expected for the transmission of CSI report on additional resource. 
Proposal 2
· Same resource mapping scheme is applied for first and second CSI part and UL data on PUSCH

· UL data may be mapped after the first CSI part, followed by the second CSI part. 
· Additional resources may be configured for the transmission of CSI report on PUSCH to exploit the benefit of time and frequency diversity.  
For above 6GHz, PT-RS is supported for NR to allow receiver to estimate and compensate for phase noise. Further, additional DM-RS symbols may be inserted in the 2nd part of a slot for high speed scenario. In case when PT-RS and additional DM-RS symbols are present in the slot and when UCI is embedded on PUSCH, UCI can be rate-matched around the PT-RS and additional DM-RS symbols. 

Proposal 3
· UCI can be rate-matched around PT-RS and additional DM-RS symbol(s) if present. 
3 Multiplexing of UL data and short PUCCH

3.1 Multiplexing of long UL data and short PUCCH 

As agreed in the RAN1#87 meeting [3], 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 3, the remaining resource which is not allocated for UL control channel can be assigned for UL data channel. 
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Figure 3. 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, starting/duration and/or 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. 
To achieve a proper balance between signalling overhead and spectrum efficiency, a set of time and frequency physical resources can be configured by higher layers, and one field in the DCI scheduling PUSCH transmission, e.g., in a form of bitmap can be used to indicate which configured time and frequency resource(s) can be used for PUSCH transmission. Further, UL data can be rate matched around the configured time and frequency resource(s) which is (are) not used for the PUSCH transmission. 

Proposal 4
· To enable dynamic resource sharing of UL data and control channel, starting/duration and/or 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, 
· A set of time and frequency resource(s) can be configured by higher layers.
· A field in DCI scheduling PUSCH transmission is used to indicate which configured time and frequency resource(s) is (are) used for PUSCH transmission
· UL data is rate matched around the configured time and frequency resource(s) which is (are) not used for PUSCH transmission 

3.2 Multiplexing of short UL data and short PUCCH

As agreed in the RAN1 NR Adhoc meeting [4], 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 4 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 4. 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 5 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 5 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 5. Multiplexing schemes for short UL data and control channel
Proposal 5
· 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]. 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 6. 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 6. 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 specification development efforts by having a single option.

Proposal 6
· Adjacent transmission of long PUCCH and PUSCH in frequency domain is supported.

· 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 UCI multiplexing onto PUSCH and multiplexing of PUCCH and PUSCH for NR. Based on the discussion, we summarize our views through the following proposals:
Proposal 1
· HARQ-ACK is mapped in a distributed manner.
· HARQ-ACK is transmitted starting from the first symbol after DM-RS. 

· HARQ-ACK feedback can be delayed in relative to DM-RS symbol in case of non-slot based scheduling. 

· Whether to employ time-first or frequency-first mapping for HARQ-ACK on PUSCH can be configured by higher layers. 

Proposal 2
· Same resource mapping scheme is applied for first and second CSI part and UL data on PUSCH

· UL data may be mapped after the first CSI part, followed by the second CSI part. 
· Additional resources may be configured for the transmission of CSI report on PUSCH to exploit the benefit of time and frequency diversity.  
Proposal 3
· UCI can be rate-matched around PT-RS and additional DM-RS symbol(s) if present. 
Proposal 4
· To enable dynamic resource sharing of UL data and control channel, starting/duration and/or 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, 
· A set of time and frequency resource(s) can be configured by higher layers.
· A field in DCI scheduling PUSCH transmission is used to indicate which configured time and frequency resource(s) is (are) used for PUSCH transmission
· UL data is rate matched around the configured time and frequency resource(s) which is (are) not used for PUSCH transmission 

Proposal 5
· For UCI on short data, UCI can be allocated on the frequency edge of or interleaved with short data transmission.
Proposal 6
· Adjacent transmission of long PUCCH and PUSCH in frequency domain is supported.

· 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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